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Th, .ppUcaclcn r.lat.. to co«po.lclons for ^tlvlral 

,„«„o.o.uUco.y ch.r.py. in P-icuUr. - "^-^J 

cl^apciclon. u..ful in th. tr..a..nt of Hu^n l»«unodeficiency 

Vims (HIV) mfeccioni. 

T.e prl-ary i»u«ologlc .bnom-Uty r..uUlng fro« 
, . bv HIV I. th. progr...lv. depletion end functional 
..eection by HIV i^ P expre.ein, the CD. cell .urfece 

,l,copro«in (H. Lane .c . ^^^^ ^^^^^^^ „ 

CD4 I. a non-polymorphic giycopr 

i^oglobuUn gen. .uperf«.ily (F. Heddon ec el.. Cell 

. together with the CD8 eurfece entigen. CD. define. ..o 
i c .ub.ec. of .etur. peripheral T cell. (E. R-inherx -c el.. 
r;:821 tl980)). vhich ere di.tingui.hed by their ability to 
.nceracc wUh nominal antigen target, in the context of cl.ss I and 
la.. II -Jor hi.toco.n>atibility complex (KHC) antigen. 

Eng .man .c .1.. I—ol. 121:2m (19811: H. ^P^" " ' " / 
llnol. m:1563 (19821 ; V. Biddi.on et el.. J. Exp. Med. iii-lO 5 
[,,821; and D. Uilde et el.. J. I— ol. lil:2178 (1983,). For the 
l«.c part, CD. T cell, di.play the helper/inducer T cell phenocype 
(E. Reinherz. ^) . .Ithough CD. I cell, characcerized as 
Uotoxic/.uppre..or T cell, heve el.o been identified (V. Tho-.s 
„ a: J Exp. Med. liit:'.59 (1981}; S. Meuer ec el.. Proc. Natl. 
Acad Sci. USA 2i:.395 (19821= end A. Kren.ky ec si.. Proc. Natl^ 
Acad' ScL. USA 22:2365 (19821). The los. of CD. helper/inducer T 
cell funcclon probebly underlie, the profound defect, in cellular 
.nd humoral immunity leading to the opportunistic infeccions and 
^Ugnancie. characceri.tic of the ecquired loununodef iciency 
.yndrome (AIDS) (H. Une iiifiift) - 
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Scudles of HIV-I infeccton of fr.ctloru.ted CW and CDS T 
cells fro. nonual donors and AIDS patients have revealed that 
: I tUn of CO. T cells results fro. the aMUty of HIV^ co 
3e ectlvely Infect. r.pUcte in. and ultl^tely -"J ^^ ^ 
,^.ocyte subset (0. Kl.tz:..nn .c si., Science 22^:39 (1984 ^ 
rposslblUcy that CO. Itself 1. an essential component of he 
Telllr receptor for HlV-l .as first Indicated ^^^^ ^ 
...c .onoclonal antibodies directed against CO. blocU HIV 
infection and syncytia Induction (A. OaUleish ec al.. Na^ 
(l^ndon! ;U2:767 [198.]; J. McOougal « si.. J. I«»unol. 121.3151 
^9 SI) hypothesis has been confirmed by the de.onstrat on 

L a -olecular co^lex for.s between CO. and gpUO. the »a or 
envelope glycoprotein of HIV-I (J. KcOougal at al.. Science 211-382 
,1986,: and the finding that HIV-I tropls» can be conferred up n 
ordinarily non-per»lsslve hu«an cells ^"^^^^"^^ ^ ^ 

expression of a CD. cONA (P- Haddon et si.. Cell iZ:333 (1986,).. 
...chennore. the neurotropic properties of HIV-I. "^^-"^^ J'^ ' 
Mgh incidence of central nervous syste. dysfunction In HIV-^ 
infected Individual. <W. Snider ec si.. Ann. Neurol. 1.:.03 
(1983,). and the ability to detect HIV-I In the brain tissue and 
cerebrospinal fluid of AIDS patients (G. Shaw ec si.. Science 
22i.l77 (19851; L. Epstein. AIOS Res. 1:UU7 [1985,; S. Ko.nlg. 
science 2i2:1089 [1986]; 0. Ho .c si.. N. Engl. J. Med. 21i:1.98 
[1985^- J. Levy ec si.. Lancet 11:586 (1985,). appears to have Its 
explanation In the expression of CO. In cells of neuronal, glial 
and .onocyte/o^crophage origin (P. Haddon, Cell UZ-.UU. (1986,; 1. 
Funke ec ,1.. J. Exp. Med. lfii:1230 (1986,; B. .TourvlelU. ec si.. 
Science 2iit:610 (1986,). 

m addition to deter»inlng the susceptibility to HIV-1 
infection, the manifestation of cytopathic effects in the Infected 
host cell appear, to involve CO.. Antibody to CO. was found to 
inhibi-. the fusion of uninfected CO. T cells with HIV-l infected 
cells in vicro; moreover, the giant multinucleated cells produced 
bv th's event die shortly after being formed resulting in the 
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line, with cell Une. P * (j . sodro.kl .c 

of other vlr.l .cruccur.l or reguUcory p .^^^ 

, secure ^^^^^ ^^^^^^^^^^^ ,„f.cc.on by HIV-I 

,1,8.1). ,,,„.,,,on becveen ^UO end CD. 

veil «s evencuel cell deetn. 

«n. of several critical entry points In the vir 
constitutes one ot sever Hltauva ec «!•. 

cycle ^.enable to therapeutic Intervention (H. Mlt.uya 

Nature ill: 773 (1987]). 

The Wnown sequence of the CD. precursor predicts a 
sUnal peptide. an extracellular region of 
''""lit ly 70 lino acid., a hl^ly hydrophobic stretch vlth 
approxln^tely 37 » panning do-aln of the class- 

ct:: - a hlghly charged intracellular sequence of 
Tesles (P. Kadden. Cell ^:93 11933,). The extracellular 
l: oTcD. co..lst3 of four contiguous regions each having a. no 
,d and structural similarity to the variable and joining (V J) 
' Of rinoglobuun Ught cham. as .ell as 

1. other «.bers of the l^oglobuUn gene superfa«lly (a subcU 
Of .Mch are defined herein by the coined ter. -.dhesons . ^ 
structurally similar regions of CD. are termed the V^. V^. 3 
5 Vu domains (denominated 1-. In Fig. 3). 

^ successful strategy In the development of drugs for the 
treatment of many receptor mediated abnormalities has been the 
1 nrif-atlon of antagonists which bloc, binding of the natur. 
, since the CD. adheson ordinarily bin. « ;™-- 

Of the HXV envelope It ^^d ^^^^^^^^ 

VI... Uf.ctlvlC H.W.V.., full Lnsch CI* ..d «h.r 
1. T.. ........ — 
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functlonAltcy . 

Accordingly. It is an object of thl. Invenrlon to produce 
soluble, .ecreted .dhe.ons . It Is another objecc co produce 0)4 
derivatives useful In the cre.nnent of AIDS and related conditions. 
1. a :«anner ...entUUy unaffected by the extreme degree of genetic • 
variation observed a»ong various HIV-I Isolates and the r 
respective ^ polypeptide. U.Coffln. .Cell ^:1 [1986,). St 11 
another object 1. to prepare adhe.ons fused to other polypeptide, 
m order to provide molecules with novel functionalities such as 
Chose described above for therapeutic use. or diagnostic reagents 
for the 1« vicrc assay of adhe.ons or their llgands. In 
particular, it Is an objective to prepare molecules for directing 
toxins or effector molecules (for ex«nple the Fc domain of 
t™«noglcbulln) to cells bearing receptors for the adhe.ons. e.g. 
HIV gpl20 m the case of CDA . and for use in facilitating 

r V ^u^.««c is A further object to provide 

purlflcAtion of the Adheson* . i - ls * j.^ j 

stable, highly purified edheson preparations. 

The object, of this Invention are eccomplished by providing 
nucleic acid encoding an amino acid sequence variant of an adheson. 
m particular . variant In which the trans -membrane domain Is 
modified so that It 1. no longer capable of becoming lodged In the 
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CD4. 



in the c... of C04 .uch v.ri*nt. .r. c.n..d .olubl. 



V,ri^t .dh..on. *r. produc.d by . -thod cooprl.lng (.) 
„^for.lng . ho.c cell vith .^UU .old .ncodlng « «lno .ci 
..<,u.nc. v«i.nt of an .dh..on. (b) culcuring th. ho.t c.U an (c 

from lyaatas of the hoit cell. 

in .peclflc ..bodUenC th. object, of thl. Invention are 
.cco«pU.hed by providing an adhe.on variant .elected fro. the 
,„up conalatlng of (a) an adh.son a-lno acid aequenc. varl«t 
having an Inactivated trans.e«brane domain and (b) a polypeptide 
comprumg an adhe.on extracellular domain fused to the ...uence of 
. polypeptide vhlch 1. different fro. the adh.son. thl. latter, or 
example. ..lected from a cytotoxln. an Immunogen or a protein with 
a long pla.ma half life »uch a. an immunoglobulin constant domain. 

In a preferred embodiment a polypeptide comprl.ing a gpl20 
binding domain of the O). adhe.on Is fua.d at It. C-t.r-lnus to an 
l^oglobuim constant domain, or Is linked to a cytotoxic 
polypeptide such as ricln. 

The CD4 adhe.on variants provided herein are purified and 
formulated in pharmacologically acceptable vehicles for 
.dmlul.tratlon to patient, in need of antiviral, neuromodulatory or 
l^o-odulatory therapy, in particular patient. Infected with HIV. 
and for use In th. modulation of cell adhesion. 

nrlnf ir^nrr^r^""" »^ nravlnta 

Figs, la.lc daplct th. «.lno acid and nucl.otid. s.quence 
of a secreted form of the CD4 adhe.on. The signal processing site 
Is designated vlth an arrow. 
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of « fu*lon of Che h«rp«« 

th. put.tlv. i-tur. H.c.r-ln«- of CD4T. 

3 deplcc. ch. .tructur.1 of ch. native and 

^ L?on 1 naciv. hu:«n I.C^ (n) ^..vy chain and rvo 
soluble CD4 Adheton, tn« n-u* 
exet^lary heavy chain.CD4 chi.era.. 

..-.b are a of the lingered hun-n Igd chain 
rigs. 4a ar fujtons. Insert sites 

fragment employed in the preparation of CD4 fus 

are designated 7I "d Fc. 

5 1. a «ap of the hu-an « light chain frag-.nt useful 
Fig. 5 18 a map v -4 Hv V J (light variable and 

for CIX. fusions at the arrow flanked by %.J. d^B" 
joining) and (light constant). 

class I and class 11 Exaaples 
^oglobullns and T-c.U receptor a. />. nr *nd « chains. E.^ 
, CDl CD2. CD4. CDS. C028 . the 7. « 

, ....per. -«.P.... U -.P- . ^^^^^^ ^^^^^ 
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homology to . known ...b.r of th. .up.rf«ily « th. 
..,u.nc. '^''^"'^ \ .... CO th. ..q«.nc. of .n 

ZZ^^-^- ~ " 

£.U..«, .1.....-^ ....rtl.,.!. .r d.l.cl.».l 

v«riAnti . 

insertion*! «lno .eld ..,u.nc. v.rl.nt. .r. tho.. In which 
one or ^r. «lno .eld r..ldu.. .xtr.n.ou. to th. •^•^ 

introduced Into . pr.d.t.r,lned .It. In th. .dh..on Inc udlng th. 
or N t.r,lnl. Such v.rl.nc. .r. r.f.rr.d to .. fusion, of th 
.dh..e. end . dlff.rent polypeptide. Such other Polyp-P id- 
concm ..,uenc.. ocher then tho.e vhleh .re nonn.Uy foun In th 
edh..on .t the Inserted po.ltlon. Sev.r.l group, of fusion, .re 
conten^l.ted h.r.ln. l.«unolosle.Uy -etlv. .dh..on fu. on. 
cocprl.. ^ .dh..on .nd . polypertUe eont.lnlng . non-.dhe.on 
epitope. The non-.dhe.on epitope I. .ny l«unologlc.Uy eoi^.t.nt 
polypeptide, I.e.. .ny polyp.ptlde which I. c.p.bl. of eUeltlng .n 
JI. re.pon.. In the .nl^l to which the fusion Is to be 
.d.lnl.t.red or which I. c.p.ble of being bound by .n .ntlbody 
r.l..d .g.ln.c th. non..dh..on polypeptide. Typlc.l non-.dhe.on 
epitope, will be tho.e which .re borne by .Uergen.. .utoln«une 
epitope., or other potent l«unogen. or .ntlgens recognized by pre- 
existing .ntlbodle. m the fusion recipient. Including b.cterl.l 
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Lr.. herpe. proc.in. .nd the ll.e. lno««.ogenic fusion^ are 
Luce. «o„-Un..n. .n vU.c o. ..co.Mn.nC ceU cu e 
„.ns£or,.. vlch DNA .needing « l»unog.nic pclyp.pcid.^ It i 
preferable Chat ch. in-^og.nlc fusion be one in which he 
Luno,.nic .e,uence i. Joined Co or in-erced inco ch. adheson 
.ncise or fragment ch.r.of by a pepcid. bond(a). th... produce. 
:her!fore consi.c of a Xine.r po.ypepcid. chain conc.ining a^.-o 
epicope. and ac l.asc on. .picope foreign co che adh.aon. ic 

understood chac ic i. vichin che .cope of chi. invention co 
introduce che epicope. anyvh.re vichin Che adhe.on -olecule or 
f..^enc Chereof. Such fusions are conveniently -de in 
.eclinant host cell, or by the us. of bifunctional cros.-Un.ing 
agents The use of a cross- Unking agent to fuse the adhe.on to 
L i^-ogenic polypeptide is not as desirable as a linear fusion 
because the cross-linked products are not as easily synthesized in- 
.cruccurally hoBogeneou. form. 

These immunogenic insertions are particularly uaeful when 
fonnulaced inco a pharmacologically accepcable carrier and 
adminiacered co a .ubj.cc in order co raise ancibodies againsc che 
adheson. which anclbodie. in cum are useful in diagno.cic. or in 
purlficacion of adheson by inasunoaffinicy cechnlques known per se. 
Alcemacively. in che purificacion of adh.sons. binding parcn.rs 
for the fused non-adh.son polypepcide. e.g. ancibodies. recepcors 
or Uganda, are used Co adsorb ch. fusion from impure admixtures, 
afcer which Che fusion is .lu.ed and. if desired, che adheson is 
recovered from che fusion, e.g. by enrymacic cleavage. 

Ocher fusions, which may or may noc also be immunologically 
active include fusion, of th. adheson sequence with a signal 
sequence heterologous Co Ch. adh.son. fusions of cransm.mbr.ne - 
edified CD4 adhesons. for .xample. to polypepcides having enhanced 
plasma half life (ordinarily >about 20 hours) such as 
35 immunoglobulin chains or fragments thereof, and fusions with 
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cvtocoxic £unccion.Ucl... Signal ..quence fusion, ar. ..ployed In 

X^e .ecrologou. ...nal re.l.c. C.e n-cWe — -Tc '..: 
„.en Che r..uUing fusion is recognized. I.e. processed «d c e.ved 
hose cell, the sdh.son Is secr.c.d. Slgn.1. ere selected 
led on Che Incended hose cell, end Include haccerlel 

^Usn end viral sequences. The herpes gD glycoproceln slgn.l 

is saleable for use In nuunmallan expression syscems. 

nasn^a proc.lns which have enhanced plasma half-life longer 
Chan chsc of crans.e.br.n. modified CD. Include s.r^ albu-ln. 
rinoglobullns. apoUpoprocelns . and cransferrln. Preferably che 
adheson-plasn. proceln fusion is noc slgnlf Icancly i«-ogenlc in 
..e ani-al In which ic is used and Che plasnu. proceln does noc 
cause undesirable side effects in paciencs by vlrcue of ics normal 
biological activity. 

ir, a specific enbodlment the adheson i«=unoglobulln-Uke 
domain which may be homologous either to che constanc or co che 
variable region domains is conjugaced wlch an i-muno globulin 
conscant region sequence. The resulting products are referred to 
herein as immunoadhesons . Immunoglobulins and certain variants 
thereof are known and many have been prepared in recombinant cell 
culture. For example, see U.S. Patent ..745.055; EP 256.65.; 
FaulVcner et si.. Nature 211:286 (1982); EP 120.69.; EP 125,023; 
Morrison. J. Immun. 122:7" (1979); K6hler eC al-. P-N.A.S. USA 
22-2197 (1980); Raso ec al . , Cancer Res. ii:2073 (1981); Morrison 
ec al Ann Rev. Immunol. 2:23" (198.); Morrison. Science 222=1202 
(1985)'; Morrison ec -I.. P.N.A.S. USA 41:6851 (198.); EP 255.69.; 
EP 266 663- and UO 88/03559. Reasserted inimunoglobulln chains also 
are known. See for example U.S. patent ......878; WO 88/03565; and 

EP 68.763 and references cited therein. 

ordinarily, the domains of adhesons that are homologous to 
l^unoglobullns and extracellular In their native environment are 
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.H. H-t.r»tnus of the con.c.nt region of 
Ccer^n^Uy co H^"^^^ ^^^^^^^^ ^^^^^^^^^ ^^^^^^^ . 

,„„.uno6lobulln» ^,„,e. CH2 and CH3 do.«ln5 

„c.inln. .c ^-;^7^^'\_„,^,,,.un heav, chain. This 

- consent -J^^J/l .p,„priac. OHX 

ordinarily i- -"-^^'•^•^ ..co.binant c.U culture. 

— " -d enhanced pias^ -If 

rr or ii.nd ^indin, do^ins of 

other adhesons in the ..»« f"hion. 

* rv,. CD4 V-like regions (V1-V4) 

-rr r :rr "r . 

intracellular ly. but a great deal hosts. For 

«^ rH* fusions from recomoinant 
the degree of secretion of the fusion ^ 

f«ilowlnK table demonstrates tne 
instance. the following Kr.tned bv the method of 

* 1 . rK«t have been obtalneo oy too 
lannunoglobulln fusions that nave the CW 

"""" - -'^-^ ■ 

the nuaber of parenthetical units „„,M„ers are believed 

u " r:rz: z 

.„ be disulfide bonded in the 
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Th. CD4 li«wno.<Jh..on. typtc.Uy conc*ln.d either 
cemtn*! re«l<luef of CD* lt.w*2^ 

(light) ch.ln or IgCl heevy chain con.t.nt region (.1). 

TAbl« I 



10 oV^l^il 



bV^C^ and/or (nV^C^)2 

(mV^C^)2(»V7lC^l)2 * 
bV^C^ and/or (ttV^C^>2 



15 hCD^-nC^ 



20 



25 



hCD^-hC^ 



v^CD4.hC-^l 



hCD4-mC^ »nd/or (hCD4.iiC^)2 



ND 

hCD4-mC^ and/or (hCt>4-niC^)2 
hCD4-hC^ and/or (hCI>4-hC^)2 

(hCD4-hC^l)2 

(hCD4-hC^)2(t^CD4-hC-yi)2 
hCD4-hC^ and/or (bCI>4-hC^)2 



30 



35 



(»V^C^)2(^^^-^^7l^2 * 
aV^C^ and/or (nV^C^)2 



*KD • Not dacacted 

I. interesting to observe fro. this table that the CO.-hun.n 
...vy Cham Uounoadheso. was secreted as a dl.er ^er.as che 
_7ogoua n^rlne construction v.. noc .etecte. (this not excluding 
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The 



i.r4an of the orotein. however). 

zc:rrz.:^:~' - r: r 

tamunoglobuUn he.vy ch.ln. ar. n ^^^^ 
With nucleic acid .ncodlng both h««vy *no i.i.6» 

„ ' ' „i h..., ..d U,hc .h.l» h.c.roc.tr-.r. 

b„.r.£«,ctlo«l .ntlboJy thu. I. ptovlied. 

,0 ..nd.„. .U.. V,. v„. C, .nd C„ r.p„..»t U,h. « ...^ " 

. ^«™*4n» of an Immunoglobulin; n Is en integer, 
variable or constant domains ot an unsunuj^ 

and Y designates a covalent cross-linking moiety, 
(a) ACl; 

aCh-(aCh. ac,-.Ch. ac,-VhCh. v,c,-^CH. or VlCl-VhChI. 

ACl-AC„-IACh. ACl-ACh. ACl-VhCh. VlC,-ACh, or VlCl-VhCh]. 

ac,-VhCh-IaCh, ac,-ach. acl-VhCh. v,c,-ach. or VlCl-VhChI: 

VlCl-ACh-IACh. ACl-ACh. ACl-VhCh. VuCl-ACh. or V^Cl-VhChI. 



25 (c) 
(d) 



(e) 

(f) 



or 



3S 



(I) [A-Yln-(VLCL-VHCHl2- 

The .truccures .hovn In this table shov only key features, 
e g they do not .how Joining (J) or other do-uilns of the 
innnunoglobullns. nor .re disulfide bonds shown. These .re oaltted 
in the interest, of brevity. However, where such don-Ins ere 
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antigen. 

saleable co^anlon i»n«»o globulin co.blning slf. and 
suitdui. r , ^ , o or -4 subtypes, 

fusion paro-rs are obtained from IgC-l. -2. -3. 
IgA. IgE. 180 « ^"'^ preferably IgCl. 

, preferred e.bodl-ent Is a fusion of an H-t.r,inal portion 
„f CO.. Which contains the binding site for the gpl20 enve lope 

- 1 1 r norcLon of an antibody, 

4« nf HIV to the C- terminal Yc Por^^°" 

rr:r.:/:::r:\r — 

.eouence beginning in the hinge region Just upstrea« of the papain 
sequence t, ^ ^h.aleallv (residue 216. taking 

cleavage sit. which defines IgC chemically (r 

e.e first residue of heavy chain constant region to be UMKobet 
« ai -sequence, of Proteins of ln«unological Interest 4th Ed. . 
,,871 .'or analogous site, of other i»unoglobulins) is fused to a 
portion of CO.. These eabodi.ents are described in the examples. 

More particularly, those variants in which one or -ore 
,«^oglobulln-lUe domain, of an adh.son are substituted for the 
variable region of an im^nunoglobulin chain are believed to .xhiblt 
proved Xn vXvo plasma half life. These chimeras are constructed 
fashion similar to chimeric antibodies in which a variable 
.omam from an antibody of one species is substituted or he 
variable domain of another species. See. for example. EP 125 
023; Munrc. Mature 211: (13 December 198M ; Neuberger ec si.. 
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H.t«re il2: (13 Dec.-b.r 1984); Sharon eC -I.. H.ture 201: (2'^ 
198M: Korrl.on « .i-. P-c. Had. Ac.d. Set. USA 11:6851-6855 
(1984)- Morrfon « ai. Scfnc. 222:1202-1207 (1985); and 8oullanne 
ec al Nature il2:643-646 (13 December 1984). The DNA encoding 
the adhe.on laBunoglobuUn-Uke donuiln(s) Is cleaved by a 
re.cricclon enzy« at or proximal to the 3' end of the DNA encoding 
the laawnoglobulln-llke doMln(s) and at a point at or near the DNA 
encoding the N- terminal end of the mature adhe.on polypeptide 
rwhere use of a different leader Is contemplated) or at or proximal 
to the N- terminal coding region for the adheson (where the native 
adheson signal Is employed). This DNA fragment then l» readily 
inserted Into DNA encoding an iimauno globulin light or heavy chain 
constant region and. If necessary. tailored by deletlonal 
mutagenesis. Preferably, this Is a human Immunoglobulin when the 
varian'. is Intended for in vivo therapy for humans. DNA encoding 
inmiunoglobulin light or heavy chain constant regions Is known or 
readily available from cDNA libraries or is synthesized. See for 
example. Adams ec ai . . Biochemistry 12:2711-2719 (1980): Cough .C 
ai.. Biochemistry 12:2702-2710 (1980); Dolby »t al.. P.N.A.S. USA. 
n:6027-6031 (1980): Rice ec al.. P.N.A.S. USA 22:7862-7865 (1982): 
Falkner ac al.. Nature 22i: 286-288 (1982); and Morrison ec al.. 
Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the Immunoglobulin or Immunoadheson chimeric 
chain(s) is cransfected into a host cell for expression. If the 
host cell is producing an Immunoglobulin prior to tranafectlon then 
one need only transfect with the adheson fused to light or to heavy 
Cham to produce a heteroantlbody . The aforementioned 

Immunoglobulins having one or more arms bearing the adheson domain 
and one or more arms bearing companion variable regions result In 
dual specificity for adheson llgand and for an antigen. These are 
produced by the above-described recombinant methods or by in vicro 
procedures. In the latter case, for example. F(ab')2 fragments of 
the adheson fusion and an Immunoglobulin are prepared, the F(ab-)2 
fragments converted to Fab' fragments by reduction under mild 
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reducing condlclon.. «>d chen reoxldlx.d in ..ch other's presence 
under ecLdlc condition. In .ccord with methods known per se. See 
also U.S. patent 4.444.878. 

.ddUlonsU,. procedures are Renown 

h.terosntlbodles fro. l.«unoglobulln. h.vlng different 
.peclflcltle.. ^..e procedure. «e adopted for the Xn Were 
production of heterochl.erlc antibodies by sl.«ply substltutln the 
L^unosdheson chains for one of the previously enrployed 

IwiTmino fi 1 obul in5 . 

In an alternative method for producing . heterofunctlonal 
antibody, host cells producing an adheson- Immunoglobulin fusion, 
e g transfected myelomas, also are fused with B cells or 
hybrldomas which secrete antibody having the desired companion 
specificity for an antigen. He te rob I functional antibody Is 
recovered from the culture medium of such hybrldomas. and thus may 
be produced somewhat more conveniently than by conventional In 
vicro resorting methods (EP 68,763). 

Another group of fusion, are those In which an adheson Is 
•conjugated with a toxic substance, e.g. a polypeptide such a. rlcln 
(including deglyco.ylated rlcln A chain), dlptherla toxin A. or a 
non-peptldyl cytotoxln. Where the toxin Is a polypeptide It Is 
convenient to cros.-llnk the polypeptide to the adheson or Its 
trans»e«br«»e.deleted variant by conventional in vicro protein 
cross-llniclng agent, (for .ultable method, for Unking rlcln A 
Cham or deglyco.ylated A chain to CD4 see. for ex«nple. Duncan ec 
si.. -Analy. Blochem." 122:68-73 (1983]; Thorpe ec si.. "Cancer 
Re..- ill: 5924 (1987); and Ghotle ec *i . . "Cancer Res." 4fi:2610 
(19881) or by recombinant synthesis as a fusion (see for example. 
U.S. Patent 4,765.382). Alternatively, where companion antibodies 
are and -rlcln antibody laaunoglobulln variable domains, such 
InaunoglobuUn heteroantlbodles are employed to deliver ricln to 
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HIV infect.d c.U. following the general procedure of R-.o ecsl.. 
C*ncer R««*rch. ill •■2073 (1981). 

Another class of .dhe.on variant- are deletional variants. 
Oeletlon, are characterized by the re.oval of one or -ore «nino 
.eld residues fro. a adh.son sequence. Typically. the 
crans-«brane and cytoplasmic domains of adh.sons ar deleted. In 
Che case of CB4. at least residues 368 to 395 (the transmembrane 
region), and ordinarily 396-433 as well (the cytoplasmic domain). 
„1U be deleted to obtain secreted forms of this adheson. 
Parenthetically, the amino acid residues follow the numbers given 
for mature CD4 as noted, for example, in figures la - Ic. Thus. 
CD4T molecules generally will terminate in the vicinity of about 
residues 366-368. or at any other suitable site N-termlnal thereto 
which preserves the gplZO-blndlng capability of the CD4 variant. 

Substitutional variants are those In which at least one 
residue in the adh.son s.quance has been removed and a different 
residue Inserted In It. place. The native N-termlnal residue for 
mature CD4 Is now known to be lysine. Thus, the sequence shown In 
Fig 1 with an N-tetmlnal asparaglne. I. an amino acid sequence 
variant of native mature CD4. Table 2 below describes 
substitutions which m general will result In fine modulation of 
the characteristics of the CD antigen. 
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TABLE 2 



Al« 
Asn 

Cyi 

Gin 
Clu 

Cly P" 



iy« 

gin; hl« 
glu 

••r; alA 



His 

lie 
Leu 



Asn; gin 
l«u; vaI 

tie; val 



Ly, *rg; gin; glu 

Met 



Phe 
Ser 

Thr 
Trp 

20 



net; leu; 

thr 

ser 

tyr 

trp; phe 



Val 

SubstantUl change. In function or immunologlc*l Identity 
are «*de by .electing eubitltutlona that are le.i conservative than 
25 tho.e in Table 2. I.e., .electing re.idue. that differ .K>re 

.ignificantly in their effect on maintaining (a) the .tructure of 
the polypeptide backbone in the area of the .ub.titution, for 
exaaple a. a .heet or helical conf oniation. (b) the charge or 
hydrophoblcity of the molecule at the target .Ite or (c) the bulk 
30 of the .ide chain. The .ub.titutions which In general are expected 

to produce the greate.t change, in adhe.on properties will be those 
in which (a) a hydrophilic re.idue. e.g. .eryl or threonyl. is 
.ub.tltuted for (or by) a hydrophobic residue, e.g. leucyl. 
isoleucyl. ph.nylalanyU valyl or alanyl; (b) a cysteinyl or prolyl 
35 is substituted for (or by) any other residue; (c) a re.idue having 
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« .lectropclciv. .Id. ch.ln. ..g. . lyyl. -rglnyl. or ht.cldyl. 
is .ub.clcut.d for (or by) an alec crone gatlve r««ldue. .-g-. 
gluc«yl or ..partyl: or (d) . re.ldu. having a bulVy .Ida chain, 
e.g.. phanylalanyl. 1. .ub.clcuted for (or by) one not having a 
5 side chain, e.g.. glycyl. 

A preferred class of sub.tlcuclonal or deleclonal variant, 
are those Involving the transmembrane region of the adhe.on. The 
tr.n..««brane region of the adhe.on 1. a highly hydrophobic or 
10 lipophilic domain that I. the proper .Ize to .pan the lipid bll-yer 

of the cellular membrane. It Is believed to anchor the adhe.on In 
the cell membrane. 

Deletion or .ubstltutlon of the transmembrane domain will 
facilitate recovei-y and provide a soluble form of the adhe.on by 
reducing Its cellular or membrane lipid affinity and improving Its . 
water solubility. If the transmembrane and cytoplasmic domain, are 
deleted one avoids the Introduction of potentially Immunogenic 
epitopes. either by exposure of otherwise Intracellular 
20 polypeptides that might be recognized by the body as foreign or by 

insertion of heterologous polypeptides that are potentially 
Immunogenic. A principal advantage of the transmembrane deleted 
adheson Is that It Is secreted Into the culture medium of 
recombinant hosts. Thl. variant is water soluble and does not have 
25 an appreciable affinity for cell membrane lipids, thus considerably 

simplifying Its recovery from recombinant cell culture. 

It will be amply apparent from the foregoing discussion 
chat substitutions. deletions. insertions or any combination 

30 thereof are Introduced to arrive at a final construct. As a 

general proposition, all variants will not have a functional 
transmembrane domain and preferably will not have a functional 
cytoplasmic sequence. This is generally accomplished by deletion 
of the relevant domain. although adequate Insertional or 

35 substitutional mutagens also can be effective for this purpose. 
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For .x«.pl.. th. cr.n...-brane don-tn 1. sub.ctcut.d by «y «lno 
.cid ..qu.n=.. ..g. * random or homopolynuclelc ..quence of about 5 
„ 50 .erlne. thr.onin.. ly.m.. argtnin.. gl«t«.tna. a.p.rtic acid 
„d Mke hydrophlllc r..ldu.s. which alcog.cher exhibit a 
5 hydrophlllc hydropathy profile, .o that it 1. ..crated Into the 

culture .edium of reco-blnanc boats. Thl. variant, ahould al.o be 
considered to be an adheson variant. 

The.e variant, ordinarily are prepared by sit. .pacific 
10 nutagenesi. of nucleotides in the DNA- encoding the adheson. thereby 

producing DNA encoding the variant, and thereafter expre.sing the 
DNA in recombinant cell culture. However, variant adhe.ons also 
are prepared by In vitro synthesis. Obviously, variation, made in 
Che DNA encoding the variant adhesons must not place the sequence 

15 out of reading fra»e and preferably will not create complementary 

regions that could produce secondary mRNA structure deleterious to 
expression (EP 75>4AA). The CD4 variants typically exhibit the 
same spl20 binding activity as does the naturally- occurring 
prototype, although variants also are selected in order to modify 

20 the characteristics of the CD4 adheson as Indicated above. 

While the site for Introducing an amino acid sequence 
variation is predetermined, the mutation per s, need not be 
predetermined. For example, in order to optimize the performance 

25 of a mutation at a given site, random mutagenesis may be conducted 

at the target codon or region and the expressed adheson variants 
screened for the optimal combination of desired activities. 
Techniques for making substitution mutation, at predetermined sites 
in DNA having a known sequence are well known, for example M13 

30 primer mutagenesis. 

Adheson variants that are not capable of binding HIV gpl20 
are useful nonetheless as immunogens for raising antibodies to the 
adheson or as Immunoassay kit components (labelled, as a 
35 competitive reagent for gpl20 assay, or unlabelled as a standard 
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for an .&«on «..y) - long « .c l.«t one adh..on .pltop. 
raiuLnf active. 

The DNA .ncodlng «<Iha.on. Is obtalnad by known proc.dura.. 
S.. W11U«.. l«unol. Today fi:298-303 (1987) «»d citations 
ch.r.ln. m g.n.r.l. proUryot.s sr. us.d for ^ 
vrunt DNA ..q«.nc... For .x«pl.. £• coll str.ln SRIOI (for 
propagating .13 phag.. a .-raslstant strain of JK 101; M.a.lng .c 
si Nucl Aclda. Res. 2(2):309-321 [1981)): and £. cell K12 strain 
29.' (ATCC NO. 31446) are particularly useful. Oth.r .icrobl.l 
.cralna which may be used Include E. coll B. UHlOl and £. coll 
X1776 (ATCC HO. 31537). The.e example, are Illustrative rather 
Chan Halting. 

ONA encoding the variant adheson. are Inserted for 
expression Into vector, containing proaoters and control .equences 
which are derived froa specie, coapatlble with the intended host 
cell. The vector ordinarily, but need not. carry a. replication 
,lte a. well a. on. or mor. marker sequence, which are capable of 
providing phenotyplc .election In transfonsed cell.. For exwsple. 
E. cell I. typically cransforaed using a derivative of pBR322 which 
t. a plasald derived froa an E. cell apecle. (Bolivar, et *1.. Gene 
95 [1977)). pBR322 contains gene, for amplctllln and 
tetracycline re.l.t.nce and thus provides easy aeans for 
Identifying transformed cells. The pBR322: plasald. or oth.r 
Blcroblal plasald aust also contain or be aodlfled to contain 
proaoters and other control .»l.aent. coaaonly u-ed In recoablnant 
DNA constructions . 

Proaoters suitable for use with prokaryotlc hosts 
Illustratively Include the lactamase and lactose promoter systems 
(Chang ec aJ . , Nature, 221: 615 11978]; and Goeddel et .1.. Nature 
281 : 544 [1979]). alkaline phosphatase, the tryptophan (trp) 
proaoter system (Goeddel. Nucleic Acids Res. 4057 (1980) and EPO 
Appln. Publ. No. 36.776) and hybrid promoters such as the tac 
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.H A, Ro.r ac *I Proc. N.cl. Acad. Scl. USA fifi: 21-25 
proaecer (H. d« Boer ez mj... 

(19831). Hov.v.r. oth.r functional b.ct.rUl promoter. «e 
.ultebl.-. Their nucleotide .equence. ere generally known, thereby 
enabling a .Willed worker oper.bly to llgate them to DNA encoding 
Che adh..on variant ualng linker, or adaptor, to .upply any 
required re.trlctlon .Ite. (Sleb.nll.t -c ai.. Cell 2fl: 269 
(19801) Promoter, for u.e In bacterial .y.tem. al.o will contain 
. Shlne-Dalgamo (S.D.) a.quence operably linked to the DNA 
encoding the antigen. 

m addition to proVcaryoces. eukaryotlc microbes .uch as 
yeast cultures also are «.eful as cloning or expres.lon ho.ts. 
,.^r..r.^c.s ...^vl^aa.. or common baVer's yeast Is the most 
commonly used eukaryotlc microorganism, although a number of oth.r 
strains are ce-aonly available. For expres.lon In Saccharo-yce. . 
Che plasald YRp7. for example. (Stlnchcomb. et al.. Nature 252= 39 . 
(19791; Klngsman et al. Gene 2: Ul (19791: Tsch.mper et al.. Gene 
12: 157 (19801) I. commonly used. This pU.mld already contains 
Che trpl gene which provides a selection marker for a mutant strain 
of yeast lacking the ability to grow In tryptophan, for example 
ATCC no. A4076 or PEP^-l (Jones. Genetics il: 12 (19771). The 
pre.ence of the trpl lesion as a characteristic of the yeast host 
cell genome then provide, an effective means of selection by growth 
In the absence of tryptophan. 

Suitable promoting sequences for use with yeast hosts 
include the promoters for 3-phosphoglycerate kinase (Hltzeman ec 
si.. J. Biol. Chem. Zil: 2073 (19801) or other glycolytic enzymes 
(Hes. ec «!.. J. Adv. Enzyme Reg. I: U9 (1968] : and Holland. 
Biochemistry U: ^900 (19781). such a. enolase. glyceraldehyde-S- 
phosphate dehydrogenase. hexoklnase. pyruvate decarboxylase, 
pho.phofructoklna.e. glucose - 6 -phosphate Isomerase. 3- 
phosphoglyc.r.te autase , pyruvate kinase. trlosephosphate 
l.oaerase, phosphoglucose Isomerase. and glucoklnase . 
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other y...c prcocr.. which .r. inductbl. promoter, having 
ch. .dciUion.1 .<*v.nt.g. of cruucription controlled by growth 
condition., .re the proper region, for .Icohoi -^y-^— 
.socytochro,. C .cid pho.ph.t«e. degred^tiv. ™- 
vUh nitrogen ..t.boU«. .et.llothionein. glyc.reldehyde- 3 

::.ph.te deU.-... - — ^- tr'it 

' Uctos. utiU.etion. Suitable vector, .nd pro.oter. for u.e in 

.ast expre..ion er. further de.crib.d in R. Hitz.-n .c .1.. 

Europe^ P.tent Publication No. 73.657A. Y.e.t enhancer, also are 
.dvantageoualy u.ed with y.a.t promoter.. 

Promoters for controlling transcription from vector, in 
n^Uan ho.t cell, may be obtained from variou. .ource. . for 
example, the genome, of viruae. .uch a.: polyoma. Simian Viru, 40 
(SV40) adanovirua. retroviruae. . hepatiti.-B viru. and mo.t 
preferably cytomegalovirus. or from h.terologou. .a«ali.n. 
promoter., e.g. the beta actin promoter. The early and late 
promoter, of the SV40 viru. are conveniently obtained a. an SV40 
re.triction fragment which al.o contain, the SV40 viral origin of 
replication. Fier. ec al.. Nature. 211: 113 (1978). The immediate 
early promoter of the human cytomagaloviru. i. conveniently 
obtained a. a Ulndlll E re.triction fragment. Greenaway. P.J. « 
al.. Gen. Ifi: 355-360 (1982). Of cour.e. promoters from the host 
cell or related specie, al.o are useful herein. 



35 



DNA transcription in higher eukaryotes is increased by 
inserting an enhancer a.quen.e into the vector. Enhancer, are ci.- 
scting element, of DNA. usually from about 10 to 300bp. that act to 
lncrea.e the transcription initiation capability of a promoter. 
Enhancer, are relatively orientation and position independent 
having been found 5' (Laimins. L. ec *I . . Proc.Natl.Acad.Scl . Zfi: 
993 119811) and 3' (Luaky. M.L. . ec si.. Mol. Cell Bio. i: 1108 
119831) to the tranacription unit, within an intron (Banerji. J.L. 
et a: Cell il" 729 (19831) aa well as within the coding sequence 
ics.lf" (Osbome. T.F.. ec ai.. Mol. Cell Bio. 1293 (198.1). 
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jUny enhancer .e,«.nce. ere now ta.own fro. n-nnnalian gene, (globln. 
eU.t.se. .lbu«ln. a- fetoprotein and Insulin). Typically, however, 
on. will u.. an enhancer fro. a eukaryotlc cell vlrua. Example. 
Uclud. the SV40 enhancer on the late .l<le of the replication 
origin (bp 100-270). the cytomegalovlru. early promoter enhancer. 
ch« polyoma enhancer on the late aide of the replication origin, 
and adenovlnu enhancers. 

Expression vectors used In eukaryotlc host cells (yeast, 
fungi, insect, plant. anUsal. human or nucleated cells) may also 
concslr. sequence, necessary for the termination of transcription 
which may affect .RNA expre.slon. These regions are transcribed as 
polyadenylated segments In the untranslated portion of the mRNA 
encoding the adheson. 

Expression vector systems generally will contain a 
.election gene, al.o termed a .electable marker. Example, of 
.ulcabl. .electable marker, for mammalian cell, are dlhydrofolate 
reductase (DHFH) . thymidine klna.e or neomycin. When such 
selectable markers are successfully transferred Into a mammalian 
host cell, the transformed mammalian host cell can survive If 
placed under selective pressure. There are two widely used 
distinct categories of selective regimes. The first category Is 
based on a cell's metabolism and the use of a mutant cell line 
which lacks the ability to grow Independent of a supplemented 
medium, Two examples are: CHO OHre" cells and mouse LTK' cells. 
These cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthlne . Because these cells lack 
certal'n genes necessary for a complete nucleotide synthesis 
pathway, they cannot survive unless the missing nucleotides are 
provided m a supplemented medium. An alternative to supplementing 
the medium Is to Introduce an Intact DHFT^ or TK gene Into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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media- 

^ .«nd category 1« do»ln*nc selection which refers to . 
The second categoty i 

^ In .nv cell type K»d does not require the use 

1422 (1580) or hy,r..vcl". S^""- »■ « " • ? ' ..i 

,0.<.U <l«». Th. =.r.. .X»P1.. «lv.„ ...V. .1^1., « a 

acid) or hygroinycln, respectively. 

•A^Uflcatlon- refer, to the Increase or replication of 
.n isolated region within a cell' . chro.oso,al ON.. -P™- 
achieved using a selection agent e.g. .ethotrexat. (Ka) which 
inactivates DHH.. A«^lif U.tlon or the a>a.lng of successive copies 

, ^. In «.ater amounts of OHFR being produced 
of the DHFR gene results In greater amoun 

i. Che face of greater amounts of KTX. 

applied notwithstanding the presence of endogenous DHFK. by adding 
eve^ greater amounts of KTX to the media. Amplification of a 
desired gene can be achieved by cotransf acting a mammalian host 
cell with a plasmid having a DNA encoding a desired protein and the 
DHFR or amplification gene permitting cointegratlon. One ensures 
Chat the cell requires more DHFR. which requirement is met by 
..plication of the selection gene, by selecting only for cells that 
can grow in the presence of ever-greater MIX concentration. So 
long as the gene encoding a desired heterologous protein has 
colntegrated with the selection gene replication of this gene gives 
rise to replication of the gen. encoding the desired protein. The 
re.ul. is that increased copies of the gene. i.e. an amplified 
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cl..ve.. caUor-d. .nd rellgaced in the fo^ desire, co fo^ h 
pU..lds required. Suic.bl. proc.dur.. .re .ell ^own for ch 
...crl... Herein. See. for ex^pU. cl. . 

■current Protocol, In MolecuUr Biology", edited by Au-ubel « sL 
,1987!. pub. by Greene Publishing As.ocUte,^ „iley- Interscience) . 

correct pl.said sequences are confirmed by transfonning E. 
con K12 strain 294 (ATCC 31446) with ligation fixtures, successful 
„an.for.ants selected by «picillin or tetracycline resistance 
where appropriate, pl.s.ids from the transforn^nts prepared, and 
Chen analyzed by restriction enzyme digestion and/or sequenced by 
.He method of Hes.ing et al . . Nucleic Acids Res. J: 309 (1981) or 
by the method of H«ca« et al. . Methods in Enzymology ii: 
(1980) . 

Host cells are transformed with the expression vectors of 
chis invention. Thereafter they are cultured in appropriate 
culture .edia. e.g. containing substances for inducing promoters, 
selecting transf ormants or asplifying. genes. The culture 
conditions, such as temperature. pH and the like, are those 
previously used with the host cell .elected for expression, and 
will be apparent to the ordinarily skilled artisan. 

The secreted adheson variants are recovered and purified 
from the culture supernatant, or lys.t.s of recombinant hosts. 
Typically, the supematarts are concentrated by ultrafiltration, 
contacted with a ligand affinity or immunoaf f inity matrix so a, to 
adsorb the adheson variant. and eluted from the matrix. 
Optionally, the adheson is purified by ion exchange chromatography. 

Surprisingly, purification of soluble CUU adheson from 
culture medium was unexpectedly difficult. Notwithstanding that 
the hydrophobic transmembrane region of the antigen had been 
deleted, the antigen exhibited a strong tendency to form aggregates 
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that could be readily removed from .uaperuion by cencrtfugation at 
1000 X g. and which avidly coat .urfaces such as ultrafiltration 
..mbrane.. This appear, to re.ult from the reduction in 
concentration of albumin or other .eruiB protein (ordinarily present 
in the crude preparation) to a particular level, below which the 
truncated antigen no longer remains soluble. This phenomenon 
appears to be aggravated by exposure of the CD4 adhe.on to low pH 
(< about pH 4). As a result, separation procedures (particularly 
those that employ acid elution. such as immunoaf f inity) should be 
modified so that the eluate is maintained at, or immediately 
returned to. about neutrality. Further, a surfactant, e.g. a 
detergent such as Tween 80. should be included with the antigen 
during the separation procedure. The final purified product will 
be stabilized with a predetermined protein such as albumin, and/or 
a detergent - 

The purified adheson is formulated into conventional 
pharmacologically acceptable excipients. 

It is administered to patients having HIV infection at a 
dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CD4 adheson/ml plasma. For CD4 adheson variants 
having different molecular weights, about 2 picomoles of soluble 
receptor per ml of plasma will be initially evaluated clinically in 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble CD4 Is 100 MgAg of patient weight/day. 

The therapeutic CD^ variants are employed with other 
therapies and agents for the treatment of AIDS, including AZT, 
neutralizing antibodies and Immunocytotoxlns . gpl20 fragments and 
vaccines. 
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In ordtr to fAclIltAtt und«rstAndlns of th* followlns 
•x«apl«s certain fr%qu«ncly occurring ■•thod* and/or t«rm» vlll b« 

"Plumlda" 4r« d««lfQAt«d by « lovar c«s« p pr«c«d«d ud/or 
followed by cApltal l«tc«ri «xkd/or tnidbart, Tht aCArtln* planlds 
h*r%ln althar coMiarcUlly avallabU, publicly *v«ll«bl« on «n 
unr%«crlccod basis, or can ba conatructad fro« avallabla pla««ld» 
In accord vlth publlshad procaduraa. In addition, aqulvalanc 
plaa«lds to thoaa daacrlbad ara kztovn In tho art and vlll ba 
apparant to tht ordinarily sklllad artisan. 



15 



20 



25 



•Dlgastlon- of DHA rafara to catalytic claavaga of tha DNA 
vlth a rastrlctlon anzy^ that acts only at cartaln saquancas In 
th« ONA. Tha various rsstrlctlon anzysas ussd haraln ara 

coMsrclally available and thalr raactlon conditions, cof actors and 

» 

othsr rsqulraMnts var« usad as vould ba knovn to tha ordinarily 
•klllsd artisan. For analytical purpoaas, typically 1 $ig of 
pluald or DKA fra^nt Is usad vlth about 2 units of anxysa In 
about 20 mI of buffar solution. For tha purposs of Isolating DHA 
fra^nts for plasald construction, typically 5 to SO of DHA aro 
digsstad vlth 20 to 250 units of anzyaa In a largar voluaa. 
Appropriate buffers and substrate asMunts for particular 
rastrlctlon enzysas are specified by the Mnuf securer. Incubation 
tlaes of about 1 hour at 37*C are ordinarily used, but shay vary In 
accordance vlth the supplier's Instructions. After digestion the 
reaction Is electrophoresed directly on a polyacrylaalde gel to 
Isolate the desired fragment. 



30 "Recovary* or •Isolation^ of a given frag;»enc of 0NA froa a 

restriction digest Mans separation of the digest on polyacrylaalde 
or agarose gel by electrophoresis. Identification of the fragment 
of Interest by cosparlson of Its nobility versus that of marker DHA 
fragaants of knovn molecular velght. removal of the gel section 

35 containing desired fragment, and separation of the gel from 
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ONA. Thi. procdur. 1. ^ov. g.n.r.Ily (U-n. R. -c -I.. Nucl.ic 
Add- Res. i: 6103-6114 (1981). .nd Goeddel. D. ec .1-. Nucleic 
Acids Res. fi: ''OS? (1980)). 

-DephosphoryUcion" refer, co the removal of the terminal 
5- phosphate, by treatment with bacterial . alkaline phosphatase 
(BAP). This procedure prevent, the two rastriccion cleaved ends of 
. DNA fragment fro. -circularizing- or forming a closed loop that 
would impede insertion of another DNA fragment at the restriction 

10 sit. Procedures and reagent, for depho.phorylation and other 

recombinant manipulations are conventional. Reaction, using BAP 
are carried out in 50»M Tris at 68-C to suppress the activity of 
anv exonuclea.es which may be present in the enzyme preparations. 
Reactions were run for i hour. Following the reaction the DNA 

15 fragjnent is gel purified. 

-Ligation- refer, to the process of forming phosphodlester 
bonds between two double stranded nucleic acid fragments (Maniatis. 
T ec Id- 1^6). Unless otherwise provided, ligation may be 

20 accomplished using known buffers and conditions with 10 units of 

DNA ligase Cligase") per 0.5 Mg of approximately equimolar amounts 
of the DNA fragments to be ligated. 

•Filling- or -blunting- refers to the procedures by which 
25 the single stranded end in the cohesive terminus of a restriction 

enzyme -cleaved nucleic acid is converted to a double strand. This 
eliminates the cohesive terminus and forms a blunt end. This 
process is a versatile tool for converting a restriction cut end 
that may be cohesive with the ends created by only one or a few 
30 other restriction enzymes into a terminus compatible with any 

blunt-cutting restriction endonucl.ase or other filled cohesive 
terminus. Typically, blunting is accomplished by incubating 2- 
15Mg of the target DNA in lOmM MgCl2, ImM dlthiothreitol . 50mM 
NaCl, lOaM Trls (pH 7.5) buffer at about 37-C in the presence of 8 
35 unit, of the Klenow fragment of DNA polymerase I and 250 of each 
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of the four deoxynucleo.ide triphosphate.. The Incubation 
generally is teminated after 30 mln. phenol and chloroform 
extraction and ethanol precipitation. 

The following examples merely illustrate the best moda now 
contemplated for practicing the invention, but should not be 
construed to limit the invention. 

^^r.^ti^igtie nn ^*gt^or« for the &n>rftgilgn 9f 

ffn^ jy cn4 ant? s^icreted DerlvatlYeg 

S#^<^tlon 1 

The plasmid used for recombinant synthesis of human CD4 was 
pSVeCDADHFR- The plasmid was constructed as follows: 

XCD4P1 containing most of the coding sequence of human CD4 • 
(obtained from a human placental cDNA library using oligonucleotide 
probes based on the published sequence [Kaddon ec al . 1985)) was 
digested with EcoRl to produce the cDNA insert. This fragment was 
recovered by polyacryl amide gel electrophoresis (fragment 1). 

pUC18 was digested with ££fiRl and the single fragment 
recovered by polyacrylamlde gel electrophoresis (fragment 2). 
Fragment 1 was ligated to fragment 2 and the ligation mixture 
transformed into E. coli strain 294. The transformed culture was 
plated on ampicillin media plates and resistant colonies selected. 
Plasmid DMA was prepared from trans formants and checked by 
restriction analysis for the presence of the correct DNA fragments. 
This plasmid is referred to as pUCCD4 . 



pSVeE'DHFR (Muasing ec al . . Cell iLfi:691-701 (1987)) was 
digested with Kon l and fiflfflHI and blunted with E. coll DNA 
polymerase 1 (Klenow fragment) and the four dNTPs. Fragment 3 
containing the pML-Amp^ region, SV40 early promoter, the HIV LTR. 
35 and the mouse DHFR gene was recovered by gel electrophoresis. 
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llg.ted .nd the ligation alxcur. tr*n.fon.ed into £. coll .train 
29^ The tran5fonned cultur. was plated on aapiclUin media plat.a 
.nd re.latant coloni.. ..l.ct.d. Pla.»id DHA wa. prepared fro- 
transformant. and checked by re.triction analy.i. for the pre.ence 
of th. fifioHI re.triction aite and the ab.ence of the KanI 
restriction .ite. Thi. pla.mid is referred to a. pSVeABKLHFH and 
.Hows EcfiRl-fiMHI fragments to be inserted after the SVUO early 
promoter and transcribed under its control, following transfection 
into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8, below) were made 
CO extend from 76 bp 5' of the initiation codon of CD4 translation 
to the LMl restriction site at 121 bp 3' of the initiator, with 
the sequence AATT at the 5' end of the .ense strand to generate an 
end which could ligate to an EafiRI restriction fragment. These 
oligonucleotides were ligated and the 204 bp fragment containing 
the entire .equence recovered by gel electrophoresis (fragment 4). 

CD4 adaptor 1: AATrCAACCCCACACCCCTGCCATTTCTCTCGGCTCAGCTCCCT 
20 CD4 adaptor 2: pACTGCTCAGCCCCTTCCTCCCrrCGCCAAGGCCACAATGAACCGGGGACTC 

CD4 adaptor 3: pCCTTTTAGGCACTTGCTTCTCCTGCTCCAACTGGCGCTCCTCCCAGC 
CD4 adaptor 4: 

pAGCCACTCAGGGAAACAAACTGGTGCTCGGCAAAAAAGGGGATACACTGGAACTGACCTGT 
CDi adaptor 5: pACAGCTCAGTTCCACTCTATCCCCTmTTCCCCACCACCAi-n iui i iCC 
25 CD4 adaptor 6: pCTGACTGCCTCCTGGCAGGAGCGCCACTTGCAGCACCAGAAGCAAGT 

CUU adaptor 7: pGCCTAAAAGGGACrrCCCCCGTrCATTCTGGCCTTGCCGAGGGAGGAAGGC 
CD4 adaptor 8: CCTGAGCACTACGGACCTGAGCCCACACAAATGCCAGCGCTCTGCGCTTG 

pUCCDA was digested with Bifil *nd Sil^ ^^'^ ''^^ 
30 fragment containing part of the CDA coding sequence recovered by 

gel electrophoresis (fragment 5). pUC18 was digested with ££fiRI 
and Sill and the fragment comprising the bulk of the plasmid 
recovered by gel electrophoresis (fragment 6) . Fragments U and 5 
were ligated to fragment 6 and the ligation mixture transformed 
35 into E. coli strain 29*.. The transformed culture was plated on 
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*iiplclllin a«di« plAtei And r«il«CAnc colonial selected. Plasaid 
DNA was prepared froa tranaformAnts and checked by restriction 
analysis for the presence of the correct fragment. The sequence of 
the Inaerted synthetic DNA was checked by excising the 605 bp 
EcoRI* Sst I fragments from several tranaformants and ligating them 
to M13mpl9 which had been digested with the same enzymes. After 
transformation into £. coli strain JMlOl, single -stranded DNA was 
prepared and sequenced. One plasmid which contained the correct 
sequence was selected, and is referred to as pCD4int. 

pCD4int was digested with fitfiRI and £itl and fragment 7 
containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCD4 was digested with and fifloHI and the 

1139 bp fragment containing the remainder of the CD4 coding region 
(fragment 8) recovered by gel electrophoresis. 

pSVeAfiKDHFR was digested with Eco RI and ^adHI and fragment 
9 comprising the bulk of the plasmid was isolated. Fragments 7, 8 
and 9 were llgated and the ligation mixture transformed into £. 
coii strain 294. The transformed culture was plated on ampicillin 
media plates and the resistant colonies selected. Plasmid DNA was 
prepared from transf ormants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4DHFR, and was used to direct synthesis of recombinant 
Intact CD4. 

Section 2 

A plasmid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transmembrane domain and most of 
the putative cytoplasmic domain (Haddon ec ai . ) • This was done 
with the intention of creating a secreted form of CD4. based on the 
assumption that these domains anchor the CD4 glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 
pSVeCD4ANlaDHFK and was constructed as follows: 
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15 



pUCCD4 WAS dlgesCftd with «nd lAfll and Che 531 bp 

frAgacnc (fragiMnt 10) recovered. pUCC1>4 was digested vlch tUAlII 
and lAfll and the 112 bp fr*giient (fragment 11) recovered. pUCCDA 
vai digested vith fifloHI And HlAm and the 301 bp fragaent 
(fragaenc 12) recovered. pCDAint was digested vith Sst I and £AaHI 
and fragnent 13 contprising the bulk of the plasmid recovered. 
Fragments 10. 11. and 12 were ligated together vith fragment 13 and 
the ligation mixture transformed into £. coli strain 294. The 
transformed culture vas plated on aopicillin media plates and 
resistant colonies selected. Plasmid DKA vas prepared from 
tr&nsformants and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DNA from several transformants 
vas sequenced to ensure that the 195 bp Nla lll fragment had been 
deleted and that the proper reading frame vas restored. The 
resulting plasmid is referred to as pCD4ANla. 



pCDAANla vas digested vith Eco RI and £asHI and the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking the 

20 transmembrane and cytoplasmic domains recovered (fragment 14) and 

ligated to fragment 9 and the ligation mixture transformed into £. 
coli strain 294, The transformed culture vas plated on aapicillin 
media plates and resistant colonies selected. Plasmid DNA vas 
prepared from transformants and checked by restriction analysis for 

25 the presence of the correct fragment. This plasmid is referred to 

as pSVeCD4ANlaDHrR. 



Both pSVeCI>4DHFR and pSVeCUANlaDHFR vere transf acted into 
CHO cells by the same method used to establish cell lines stably 
30 expressing HIV- I polypeptides (Muesing, Smith and Capon, Cell 

6910701 [1987]). These cells vere assayed for production by 
radioimmunoprecipltation as described below. While no product was 
detected in Initial experiments, subsequent experiments • showed that 
the above described coding segment could indeed direct the 



wo 89/02922 



PCTAJS88/03414 



.34- 

synchesls of a soluble CD4 Adhason variant both In CHO and 293 

cells. 

5 A different expreaaion syatea was Initially uaed for the 

synthesis and expression of a CD4 variant lacking couple tely the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first plasmid constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies. It is referred to 
as pRXCD4. and was constructed as follows: 

pSVeC04DHFK was digested with Eco RI and fiA&HI and fragment 
13 13 containing the entire CD4 coding region was isolated. pRK3 

(U.S. S.N. 97,472. filed Sept. 11. 1987) was digested with EeoRI and 
Bam HI and fragment 16 comprising the bulk of the plasmid recovered 
by gel electrophoresis, ligated to fragment 13, and the ligation 
mixture transformed into £. coli strain 294. The transformed 
20 culture was plated on ampicillin media plates and resistant 

colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCI>4 . 

25 Section 4 

The next plasmid constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR322 which codes for 

30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmid 
Is referred to as pRKCr>4T (and which produces protein called CD4T) . 
and was constructed as follows: 
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pSV«CD4DHFR wa« dlgasced with HmH. blunted with Kl«nov 
fragment and the four dlTTPs, and digested with BatEII. The 382 bp 
fregaenc (fragment 17) containing part of the CD4 coding sequence 
was recovered by gel electrophoreais . pSVeCDADHHt was digested 
with ££2RI and fiipEII and the 874 bp fragnent (fragment 18) 
recovered. pBR322 was digested with Ulnilll. blunted with Klenow 
fragment and the four dNTPs, and digested with EcoRI . Fragment 19 
comprising th* bulk of the plasmid was Isolated and llgated to 
fragments 17 and 18 and the ligation mixture transformed into £. 
coil strain 294. The transformed, culture was plated on amplcillin 
media plates and resistant colonics selected. Plasmid DNA was 
prepared froB transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pCD4Tlnt, 

pRK5 was digested with £^Kl and 5^1 and fragment 20 - 
comprising the bulk of the plasmid Isolated. pCD4Tlnt was digested 
with l^Kl and £i£RV and the 1410 bp fragment containing the CD4 
coding sequence to the 11^11 aite at 1176 bp 3' of the initiating 
codon and the 154 bp mndin-E£i,RV fragnent of pBR322 was recovered 
(fragment 21). Fragments 20 and 21 were llgated and the ligation 
mixture transformed into £. coli strain 294. The transformed 
culture was plated on amplcillin media plates and resistant 
colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence • of the correct 
fragment. This plasmid is referred to as pRKCD4T. 



30 



Section 5a 

In order to create a secreted form of CD4 which could be 
purified with an antibody directed to herpes virus type I 
glycoprotein D. a plasmid was constructed to express a derivative 
of CD4T in which the region coding for the mature, processed CD4T 
polypeptide was fused to a sequence coding for the signal peptide 
and the fir.t 27 residues of the mature type I Herpes Simplex Virus 
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gD glycoprotein. This plasmld Is referred Co as pRKGDCOAT* and was 
constructed as follows: 



10 



lb 



20 



pgDTrunc.DHFR was digested with Eco RI and Pvu II and the 
fragment containing the coding region for the signal peptide and 
first 27 residues of the mature HSV I gD glycoprotein was Isolated 
(fragment 22). pRKCD4T was digested with EcoRI and BstEII and 
fragment 23 containing the 3' end of the CD4 coding sequence and 
the pRK5 region was Isolated. 

Synthetic oligonucleotides GD (adaptors 1-2, below) 
containing the coding sequence of CD4 from the codon for the amino 
terminal residue of mature CD4 to the Rsa site at 121 bp 3' of 
translation Initiation, and containing the sequence CTCCTCGAC at 
the 3' end of the sense strand were prepared (fragment 24). pRKCD4 
was digested with Rsa l and Bst EII and the 665 bp fragment 
containing part of the coding region for CD4 was recovered 
(fragmenc 25) and ligatcd to fragment 24. After digestion with 
Bst EII to ensure that only monomer! c fragment was present, the 724 
bp fragmenc containing both sequences was recovered by gel 
electrophoresis (fragment 26). 



Fragments 22, 23 and 26 were llgated and the ligation 
mixture transformed into E. coli strain 294. The transformed 

25 culture was plated on ampicillln media plates and resistant 

colonies selected. Plasmld DNA was prepared from transf ormants and 
checked by restriction analysis for the presence of the correct 
fragmenc. The sequence of several transf oraancs was checked to 
ensure that the syncheclc Inserc was correcc and that reading frame 

30 was preserved. This plasmld is referred to as pRKCDCD4T. 



35 



These pRX5 . derived plasmlds preferably were cransfected 
into 293S cell* for scable expression according to Mueslng, ec al . 
Cell 4J:691 (1987) vlch the excepcion chat In addition to the 
plasmld of Interest a plasmld expressing che neomycin resistance 
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g.„. pRSV n^o (Cor«n .t .1. Scl.nc. 221:553-555 (1985)) w« 
cotr.n.fct.d. 293 c.U. .Lo .r. u-.d ..tlsf.ctorlly .s ho.t 
cells 2 d«y. *ft.r tr«*C.ctlon. th. c.U. v.r. p....g.d into 
sc.n«Urd iMdtua (1:1 F12/IWE .uppl.m.nt.d with L-glutuilne, 
p.nlcllUn..cr«pco-ycln «d 10» FBS) vlth 0.5 -g/«l CA18 (Cntlcin 
,ul£.t«: Glbco) for ..l.ctlon of .cbl. c.U lln... r.th.r than In 
.,dl. cont.lnln« ..thotr.xat. shown by Hu..tng .t .1. C.Us 
wr. ....yd for production of CW or CW .«.log. by r.dloiaBuno- 
pr.clplt.clon. Binding .cudl.s (..ction 5c) u..d conditioned 
sup.m*t*nt. fro. th... c.Us In th. 1:1 F12/DME -.dlu». 
KacrUls used In Inf.ctlvlcy ..«.y. (..ctlon 5b) v.r. obtained .s 
described In .eetlon 8 belov. 



15 



gCCD4 adaptor 1: 

CTCCTCCACCAGCCAAACAAACTCCTGCTGCCCAAAAAACCCGATACACTCGAACTGAC 



gOCIK> adaptor 2: 

pACACCTCACTrCCACTCTATCCCCTTrmGCCCACCACCACrrrCTrTCCCTGCTCGA 



20 



25 



30 



35 



<;«iect<m 5b 

The following constitute, a .tudy of th. neutral Uatlon of HIV-1 
inf activity by soluble CD4 analogs. A aodlflcatlon of the 
neutralization procedure of Robert-Gurof f et al.. Nature ii4:72 
(1985) va. followed. Equal voluaes of Inhibitor .upemacant and 
virus (60 .Icrollters) were Incubated at u degrees C for 1 hour, 
then the .a»e voluae of H9 (Gallo et al.. Science m-^OO. 1984) at 
5xl06/ml wa. added and Incubation continued for 1 hour at 37 
degree. C. Following ab.orptlon. 2.5xlo5 ^.U. In 150 mlcrollt.rs 
were transferred to 2 ml of Incubation media. After U days at 37 
degrees C. the culture, were split 1:2 with fresh media and 
Incubated for an additional 3 day.. Cultures were harvested, 
reverse transcrlptaae activity was measured (Groopman et al., AIDS 
Research and Human Retrovlru.es 2:71. 1987). and Immunofluorescence 
reactivity with HlV-l positive serum was determined as described 
(Pol.si et al.. Proc. Acad. Nat. Scl. USA 12:7415. 1980). 
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InhibUor .up.m.c.nc. ob«ln.d fro. confluent P^- ~ 

of 293S/a,T4. 293S/SDCD4T c.U. or untr«ufect.d 293S c.U. by 
r.pl.clng th. grovch ..diu. incubation ..dia «.d ^-^"^'^^ 
.upemacant. 2. hour, l.t.r. Inhibitor .up.m.tant r.plac.d part 
or all of th. incubation ..dia during th. fir.t thr.. day. of 
culture a. Indlcat.d in th. ..cond column of Tabl. 3. Chall.ng. 
dose of vlru. was 100 TCID50 (Groopman « al.. .upra) of HIV-l 
.cram HTLV-IIIB grown in H9 c.U. a.say.d in th. .a., sy.t... 
incub.tlon ..dia consi.t.d of RPKI 1640 ...dia containing 2.M L- 
glut«.i«.. 100 unit./«l p.niclUln. 100 .icrogr«»/.l .tr.pto-ycin. 
2 ,lcrogra«/.l polybr.ne «»d 20» f.tal calf ..n» (H.A. 
Bloproducts) . 

Table 3 

Dilution of Indirect Reverse 
inhibitor inhibitor ti-unofluorescence ^^^^^^f^^^ 

^.^^, ^ ^ .onr .u r r m n --^ mm rive «U g tiamZmLJL^l 



mock- trans- 
fected 

Bock- trans - 
fected 

CD4T 

CI>4T 



undll.; 1:4 65.3 65.5 

xindll.; 1:4 61.2 61.1 
undll.; 1:4 0.4 18.0 



undll.; 1:4 
undll.; 1:4 
undll.; 1:4 



0.8 16.1 
0.4 26.8 
1.4 36.1 



21.8 23.9 

18.5 28.1 

0.11 5.94 

0.15 3.72 

0.14 9.92 

0.23 11.3 




Both forms of soluble CD4 virtually abolished the growth of 
HIV-l when incubated with virus- Infected cells without prior 
dilution (Table 2). At a dilution of 1:4 the soluble CD4 
preparations were only partially effective In Inhibiting virus 
growth, however the level of fluorescent -positive cell, and reverse 
transcriptase was still significantly lower than cultures receiving 
Bock.transfected cell superr^atants (Table 2). Since there was no 
significant difference In virus growth between diluted «d 
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5 

<}f(,.ri<m 5c 

TO derer-me th. .fflnlty consent for Interaction, batv..n 
^UO and CD. or CD. variants, saturation binding -l^'^; 
,0 Tarried out with solubl. CD. <i«"rgent solub li .d 

Incact CD. (ta.lcy at al. Cell 5fl:975 11987)) «^loying 
.adioiodinated gpl20 labeled with lactop.roxida.e Binding 
reactions consisted of ^"x.gpUO (3 ng to 670 ng. 2.9 nCi/ng) 
incubated for 1 hour at 0 degrees C with cell lysates containing 
^3 intact CD. (Las.ey .t al.. or cell 

containing unlabeled CD.T or gDCD.t prepared a. described in 
section 5a Reactions (0.2ml) had a final composition of 0.5X 
McDougal Lysis Buffer (McDLB) (1 x McDU containsO.5 » Nonidet NP- 
.0 0 2» Na deoxycholate. 0.12 K NaCl. 0.02 M Tris-HCl. pH 8.0) and 
were performed in duplicate, both in the presence or absence of 50 
Blcrograms of unlabeled purified gpl20 (7. fold or greater excess). 
Tollowing incubation. bound gpl20 was quantitated by 
u».unopr.cipltation «>d counted in a gainma counter. For 
t:»urnprecipitation. binding reaction solutions -ere pr-absorbed 
vich 5 microliters of nomuil rabbit serus, for one hour at O'C. and 
cleared with .0 microliters of P.nsorbin (10 » w/v. Calbioche.) for 
30 minute, at 0 degrees C. Samples were then incubated overnight 
at 0 degrees C with 2 microliters of normal serum or 5 microliters 
(0 25 microgram) of OKT. monoclonal antibody (Ortho) followed by 
collection of innune complexes with 10 microliter, of Pansorbin. 
Precipitates were washed twice in IX McOLB and once in water, then 
eluted by eluting at 100 degrees C for 2 minutes in sample buffer 
(0 12 M Tris-HCl pH 6.8. .% SDS. 0.7 M mercaptoethanol . 20% 
glycerol, and 0.1% bromophenol blue). CD. molecules were bound 
saturably by gpl20. and yielded a simple mass action binding curve. 
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Sup.n-c.n« fro« .oCcr^ufct.. c.U. g.v. . 1-1 
sp clfically bound spl20 I... than 1» ch.c foun. for " 
confining .oluble CD4. Scatch.rd «».ly.l. r.v.l.d . .Ingl. cU« 
\l«.lnS .Ues on ..c. ^l.cul. . vUh .pp.renc dl..oci.C on 

intact CD., CDAT and gDCDAT. r..p.ctivly. Th. v.lua. obtained for 
C0..gpl20 binding in aolution are con:parable to the affinity 
p.evlsly measured for gpl20 binding to CD. on whole cell- (Kd^-O 

X 10-^ H. LasVcy. Cell. fiiiEIA) • 

^'"'^n order to produce secreted derivatives of CD. which are 
free of extraneous a«ino acid r.aidues. two plas.id. were 
constructed for expr.s.ion in 293 cell.. The plas-id. contain CD. 
„nes which have been truncated without the addition of extra 
residues, and are referred to as pRKCD4^U and pRKCD.TP (and which 
produce proteins called CD.TP and CD./iNla) . and were constructed as 
follows: 

Fragment 1. containing the CD. gene with the 195 bp Hlalll 
restriction fragment deleted was lig.ted to fragment 16. which is 
pRK5 digested with Is^^l and AmHI. The ligation mixture was 
transformed into £. coli strain 29.. the transformed culture plated 
on ampiclUin media plates and resistant colonies selected. 
Plasmid DMA was prepared from transformants and checked by 
restriction analysis for the presence of the correct fragment. The 
resulting plasmld is referred to as pRKCD.ANla. 

synthetic DNA (5'CCT CAT AGA ACC TTT CTA GAC 3-) was ude 
CO attach to th. HmH .1" at 1176bp and which when so attached 
would terminate translation after amino acid residue 368 of mature 
CD. (fragment 27). Th. other end of this fragment was designed to 
Ugate to fiioHI restriction fragments. pUCCD. was digested with 
£i£Ell and HMll and the 382bp fragment containing part of the CD. 
gen. was recovered (fragment 28). Fragment. 27 and 28 were llgated 
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an. th.n dige.c.. «Uh fi^EH to reduce dl.erlz.d fr.|^encs to 
.onomers. and the resulting 401bp fragment was recovered (fragment 



29). 



c 



35 



PRXCD4 was dlge.ted with fiifiH and SmHI and the fragment 
co.pri.lng the bulk of the plaamid (fragment 30) was ^-o^*"; 
Ugated to fragment 29. The ligation mixture va. transformed no 
r coli strain 294. the transformed culture plated on ampicillin 
«dia plates and resistant colonies .elected. Plasmid DHA was 
prepared £ro« transf ormant. and checked by re.tricticn analy.i. for 
Che presence of the correct fragment. The re.ultlng pla.mid is 
referred to as pRKCD^TP. Both plasaids are transf acted into 293 
cells to generate stable variant CDA-expressing cell lines as 
described above. 



fjpr.gion 7 

Two plas«ids -ere constructed to direct the expression of 
secreted CD4 lacking extraneous «.ino acid residue, in CHO cells. 
These are referred to as pSVeCDA/^laSVDHFR and pSVeCI>4TPSVDHni (and 
which encode proteins having the primary sequence of CD4^1a and 
CD4TP) , and were constructed as follows: 

pE3i8HBV.E400D22 was digested with fvjjl and EfifiRI and the 
fragment containing the SV40 early promoter and part of the fi- 
lactamase gene was recovered (fragment 31). pE348HBV.EA00D22 was 
digested with Zvul and fianHl and the large fragment containing the 
balance of the ^-lactamase gene a. well as the SV40 early promoter 
and the DHFR gene was isolated (fragment 32). 

Fragments 31 and 32 were ligated together with fragment 14 
and transformed into £. coli strain 294. The transformed culture 
was plated on amplcllUn media plates and resistant colonies 
selected. Plasmid DNA was prepared from transf ormants and checked 
by re.triction analysis for the presence of the correct fragment. 
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The reeulcms pU-K* ^ " " PSVECD4^USVDHn.. Thi. 

pl„„ld concelns the .«e DMA £r.g..nt encoding the .oluble CD4 
Llecule found In the .bov-,entioned pUe.ld pSVeCD^^laDHfH 

(Section 2) . 

PRKCD4TP v.. dlge.ted with fififiRI end BmHI .nd the freg»ent 
contemtng the trunc.ted CD. coding region w« i.oUted «d Ug.ted 
CO fragment. 31 and 32. The ligation .ixture wa. cran.for-ed into 
E con .tram 294, the tranafor-ed culture pUted on a-plclllin 

10 -edl. plate, «.d re.i.t«.t colonle. .elected. Pla«id DNA va. 

prepared fro- tranafor-ant. and checked by re.trlction analy.i. for 
Che pr..enc. of the correct fragment. The r.aulting pla..id i. 
referred to a. pSVeCWTPSVDHFR. Both of the.e pla.-ids are 
cransf.ct.d into CHO cell, and anpllfied tranafectant. .elected by 

15 nethocrexate uaing conventional procedure.. 

ixmlt 2 

Fu-lona of the V region of the CD4 gene, vhlch I. 
20 hoBologou. to the variable region of lammoglobuUn genes (ref 

Maddon ec al. 1985). to the constant (C) region of huaan 
iaaunoglobuim k and j2 chain, are conatr^cted a. follows: 

Synthetic DNA is aade to code for che C region of human k 
25 chain (residue. 109-2U) baaed on che sequence publl.hed by Morln 

ec Ml.. Proc. Nacl. Acad. Sci. fi2- 7025-7029 . with the addition at 
che 5' end of the coding atrand of the .equence GCGG . which allows 
this fragment to be ligated to che aaaHI alt. at the end of the 
putative V-lik. region of CD4. At the 3' end of the coding region. 
30 a tranalaclonal atop codon 1. added a. well as a sequence which 

allow, this end Co be ligated to fiaoHl restriction fragments. The 
synthetic DNA la made in 8 fragments. U for each strand. 70-90 
base. long. These are then allowed to anneal and ligated prior to 
Isolation on a polyacrylaalde gel (fragment 33). 
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r..i.c». " 

pRKCD4Ck . 

, plas^id encoding a fusion of che CD. V-Ulce dotaaln to Che 
Hu«an in^unoglobulln C.2 region is constructed in a similar 
flion. U referred to a. pRKCD4C.2 . Both of these plas.lds 

e transfected into 2,3 ceUs. ^elo-a c.U. or other co^eten^ 
cells in order to obtain cell lines expressing variant C04 
molecules as described above. 

The gDCD4T secreted by the .ethod of Ex^sple 1 -a. purified 
f.o« cell culture fluid containing either 10* FBS (fetal bovine 
.eru.) or no added FBS. The conditioned cell culture fluid vas 
fi». concentrated by ultrafiltration then purified .by 
im^^cafflnity chromatography. The i»uno.f f inlty column was 
produced bv coupling murine monoclonal antibody 5B6 (whose epitope 
1. on the'HSV-l gD portion of the gDCDAT -ol.cule) to glyceryl 
coated controlled pore glass by the -ethod of Roy .C al.. 1984 
The concentrated cell culture fluid is applied directly to the 
column and the contaminating protein, are -ashed away with neutral 
pH buffer. The column is then washed with neutral buffer 
containing t.tra«.thyla«monium chloride followed by neutral buffer 
containing Tween 80. The bound gDCDAT is eluted fro. the column 
with buffer at pH3 containing Tween 80 (O.U w/v) and is 
neutralized i»-diately as it is .luted. The eluted neutralized 
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gDCD4T I. th.n conc.ncr*t.d by ulcr.f Ucr.tten .nd 
dUlyx«d/dUfllt.r.d CO .xch«g. che buffer for * phy.lologlc.l 
,*lt .oluclon containing Twn 80 .c «pproxl«««ly 0.1% w/v. 

If the detergent I. not present the gDCD4T fora. aggregates 
a, evidenced by the ability of centrlfugatlon at approximately 
10 000 Xg for 2 minute, to remove the gDCD4T fro. the .olutlon. 
Incubation of gDCWT at U'C In O.IH .odlua acetate. 0.5M N.Cl and 
0.25K trl. at pH 7 together with BSA. Tveen 80 or glycerol as 
candidate .tablllzer. ahow.d that. In the abaence of a atabllUer 
the gDCO^T gradually aggregated over the .pace of 12 day. to the 
point where only about 60-70% of the protein wa. .oluble. However, 
use of 0.1% w/v Tween 80 or (0.5 mg/ml BSA en.ured that about 100% 
or 80%. respecclvily. of the gDCD4T remained .oluble over thl. 
period. Surprisingly glycerol was Ineffective a. a .tablllzer and 
produced result. Inferior even to the control -at 8 day. about 80% 
of the gDCDiT was aggregated when .tored In the pre.ence of 
glycerol . 

Pla.mld. were constructed to direct the expression of 
protein, containing differing length, of the amino - terminal . 
extracellular domain of CD4 fused to the constant region of human 
iBSunoglobulln 7I. These plasmlds are referred to as pRKCD42t,i. 
pRXCD4,fc,l. pRKCD42^i. pRKCD4,27l. pRKCD^i^i. and pRXCD^elTl- 

Plasmld pRKCDA^.,! contains the portion of the CD4 gene from 
the Initiation codon to the fusion site after the codon for serine 
reside 366 of the mature CD4 polypeptide. Immediately followed by 
the .equence coding for the constant region of human Immunoglobulin 
7I. starting at the codon for serine residue 114 of mature human 
Imunoglobulln 7I (Kabat ec ai.). 

Plasmld pRKCD4,4.,i contains the portion of the CD4 gene 
from the Initiation codon to the fusion site after the codon for 
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lysine re.ldue 360 of the i«.tur. Cbu polypeptide. Immediately 
followed by the .equence coding for the constant region of human 
immunoglobulin 7I. -tartlng at the codon for ..rlne residue 114 of 
nature human Immunoglobulin 7I (Kabat «c al.). 

^ Plaamld pWCCD427l contain, the portion of the CD4 gene from 

the initiation codon to the fusion .Ite after the codon for 
glutaalne re.ldue 180 of the mature CD4 polypeptide. Immediately 
followed by the sequence coding for the constant region of human 
10 immunoglobulin 7I. starting at the codon for serine residue lU of 

■Ature human Immunoglobulin 7I (K*»>*t ee al.). 

Pla.mld pRXCD4,27l contains the portion of the CD4 gene 
from the Initiation codon to the fusion site after the codon for 
leucine re.ldue 177 of the mature CD4 polypeptide. Immediately 
followed by the .equence coding for the constant region of human 
immunoglobulin 7!. .tartlng at the codon for .erlne re.ldue 114 of 
mature human Immunoglobulin 7I (Kabat ec ml.) . 

20 Pla.mld pRKCD4i.,i contain, the portion of the CD4 gene from 

the Initiation codon to the fusion .It. after the codon for 
•apartlc acid re.ldue 105 of the mature CD4 polypeptide, 
immediately followed by the .equence coding for the con«tant region 
of human Immunoglobulin 7I. starting at the codon for serine 

25 re.ldue 114 of mature human Imunoglobulln 7I (Kabat eC al.). 

Pla.mld pRKCD4ei^i contain, the portion of the CD4 gene 
from the Initiation codon to the fusion site after the codon for 
leucine residue 100 of the mature CD4 polypeptide. Immediately 
30 followed by the sequence coding for the constant region of human 

lamunoglobulln 7!. starting at the codon for serine residue 114 of 
mature human Immunoglobulin 7I (Kabat ec al.). 
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Cona cruet ion of che.e pU-mids required the prior 
construetlon of plasmld pRKCD4TP/7l. It was constructed as 
follows : 

A cDHA clone coding for huaan Immunoglobulin 7I v.s 
obcined fro. . hu.-n spleen cONA library- (Clont.ch Ubor.torles. 
inc ) using oligonucleotide, based on the published sequence 
(Ein.on ec . . "Nucl. Adds Res." lfi:4071-4079 (19821). and an 
££aRI-£«I frag-ent (the fififiRl -Ite was contributed by a llnlcer; 
see Fig. ^a.b) containing part of the variable and all of the 
constant region was obtained. This fragment wa, blunted with 
Klenow fragment, and recovered by gel electrophoresis (Fragment 
al). 

Plasmld pRXCD4TP-kk, encoding a substitutional variant of 
soluble CW (residues 1-368) containing a lysine residue Instead of 
asp.raglne at poaltlon 1 of the macure polypeptide, was constructed 
fro» plasmld pRKCWTP by site-directed mucagenesi*- A synthetic 
ollgonucl.ocid- -as .-de as a primer for a i-atagen..is reaction to 
obtain the de.lred coding sequence. This was synthesized a. a 51- 
mer which contained two silent mutation, from the natural sequence 
in addition to the substitution mutation, and 21 bases on each side 

of the mucated codons: 

5'- CCC TTT TTT GCC CAC CAC CAC CTT CTT GCC CTC- 

ACT GGC TGC TGC CAC GAC -3' 

Plaamid pRKCDATP was transformed into £. coil strain SRIOI 
«,d Che transformed colonies plated on ample lllln media plates. 
Resistant colonies were selected and grown in the presence of 
ml3K07 helper bacteriophage to yield secreted, encapsidated single- 
stranded templates of pRKCD4TP. The single -stranded plasmld DNA 
wa. isolated and used as the template for mutagenesis reactions 
with the synthetic oligonucleotide, described above as primer.. 
The mut.gene.l. reaction wa. transformed £. coll SRlOl and the 
tr.n. formed culture plated on amplclllln media plates. 
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Transformants wre .creened by colony hybridization (ref. 
Grunacetn-Hogneis) for the presence of the appropriate sequence, 
ualng the following 16 ner as the probe. 
5' . C CAC err CTT GCC CTG -3' 
5 The hybridization conditions chosen were sufficiently stringent 

that the probe only detects the correctly fused product. Colonies 
identified as positive were selected and plasaid DMA was isolated 
and transformed into £. coll strain SRIOI. The transformed 
cultures were plated on amplciUin media plates, and resistant 
10 colonies were selected and grown in the presence of ml3K07 

bacteriophage. Templates were prepared as above and screened by 
sequencing. 

Plasaid pRKCD4TP-kk was digested with Xbal and treated with 
15 Klenow Enzyme, and Fragment a2. containing the linearized plasmid 

was recovered by gel electrophoresis, and ligated with fragment al. 
The ligation mixture wes transformed into E. coli strain 294, the 
transformed culture plated on ampicillin media plates and resistant 
colonies selected. Plasmid DNA was prepared from the transf ormants 
20 and checked by restriction analysis for the presence of the correct 

fragment in the correct orientation (i.e., the immunoglobulin 
coding region in the same orientation as the CD4 coding region, and 
et the 3' end of the CD4 coding region). This plasmid is referred 
to as pRKa>4TP/7l. 

25 

Synthetic oligonucleotides were made as primers for 
deletional mutagenesis reactions to fuse the appropriate coding 
sequences of IgCl and CD4 as described above. These were 
synthesized as 48-mers comprising 24 nucleotides on each side of 

30 the desired fusion site (i.e., corresponding to the COOH- terminal 8 

residues of the desired CD4 moiety, and the NH2-terminal 8 residues 
of the desired Uimunoglobulin moiety). Plasmid pRKCD4TP/7l was 
transformed into E. coU strain SRlOl and the transformed cultures 
placed on aapicillin media plates. Resistant colonies were 

35 selected and grown in the presence of ml3K07 helper bacteriophage 
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eo yl.ld ..cr.t.d. .nc.p.KUe.d .lngl...tr.nd.d t.ipUc. of 
PRXC04TP/71. Th. .lngl...tr.nd.d plM.ld DNA v.. t.oUt.d «d u..d 
th. t.B.pUt. for »xt.s«no>l* r.*etlon. with th. .ynth.tlc 
oUgonucl.otld.. d..crlb.d .bov. prl..r.. Th. ».t.g.n..i. 
r..ctlon, wr. tr*n.foni.d E. eoll SRIOI «.d th. tr.n.for-.d 
culture pUt.d on «.plcllUn i-dl. pUt... Tr«.for«nf w.r. 
.cr..n.d by colony hybridization (r.f. Crun-Mln-Hogn...) for th. 
pr...nc. of th. .pproprUt. fu.lon .It.. «.lng l6-r. prob... 
Th... 16-.r. coHprl.. 8 b.... on .Ith.r .Id. of th. fu.lon .It., 
.nd th. hybrldlt.tlon condition. cho..n v.r. .ufflcl.ntly .trlng.nt 
th.t the prob.. only d.t.et th. corr.ctly fus.d product. Colonl.. 
ld.ntlfl.d .. po.ltlv. v.r. ..l.ct.d .nd pU-ld DNA v« l.ol.t.d 
.nd cr.n.fon..d Into E. coll .tr.ln SRlOl. Th. tr*n.fonMd 
cUltur.. w.r. pl.t.d on Miplclllln -dU pUt... «»d r..l.t««t 
15 colonl.. w.r. ..l.ct.d .nd grown In th. pr...nc. of .13K07 

b.ct.rloph.g.. T.»pUt.. w.r. pr.p.r.d a. abov. .nd .cr..n.d by 
a.qu.nelng. 

Th. pU.mld. w.r. tr.n.f.ct.d Into 293 c.ll. u*lng .t.nd*rd 
20 proc.dar.i .nd «...y.d for .xpr...lon .nd production .. d..crlb.d 

25 pRXCD4.27l * 

pRXCD4,4^1 
piUCCD44^1 



30 



PUittidi 4l»o w«rt conJCruct«d to direct th« •xpr«»«lon of 
fujion proctln. containing dlfftrlng Ungthi of cha Mlno- ttnilnal , 
•xcr4ctUul4r domAln of CD4 fumtd to th« truncated portion of the 
conjc»nc r.glon of huMn Inanuno global In 7I. conprlilng only tht 
hlngt r«gion and conatant domain* CH2 *nd CH3 . 



35 
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Synthetic oligonucleotide, were »*<Je « primers for 
mutagenesis reaction, to delete the Imunoglobulln sequence from 
SerlU to CVS215 Inclusive (Kabst ec al.). These were synthesized 

„ 48.Bers comprising 24 nucleotides on e.ch side of th. desired 
fusion sit. (I.e.. corresponding to th. COOH-t.rmlnal 8 residues of 
Che d.slr.d CD4 mol.ty. snd th. NH2-"niln*l 8 residues of the 
cU.lr.d immunoglobulin moiety). PUsmld. pWCCI>44^i. pRKCD42,i snd 
pRXCD4i,i ver. sepsrstely tr.nsfor-ed Into E.- coll strain SRIOI and 
the transformed culture plated on -nplcllUn media plates. 
Resistant colonies were selected and grown In the presence of 
al3K07 helper bacteriophage to yield secreted, encapsldated slngle- 
atranded templates of these plasmlds . Th. single- stranded plasmld 
DNA vas isolated and used as th. t.mplate for mutag.nesls reactions 
with th. synth.tlc oUgonucl.otld.s described above as primers. 
The mutagen..!, r.actlon. were transformed E. coll SRlOl and th. 
transformed culture plated on amplclllln media plates. 
Transfermants ver. screened by colony hybridization (Crunsteln- 
Hognsss) for th. presence of th. appropriate fusion site, using 
16m.rs as prob.s. These 16mers comprise 8 bases on either side of 
the fusion site, and the hybridization conditions chosen were 
sufficiently stringent that th. prob.s only detect the correctly 
fused product. Colonies Id.ntlfled as positive were selected and 
plasmld DNA vas Isolated and transformed Into E. coll strain SRIOI . 
Th. transform.d cultur.s w.r. plated on amplclllln media plates, 
and r.sl.tanc colonl.. w.r. ..lected and grown in the pre.enc. of 
al3K07 bacteriophage. Templates were prepared as above and 
screened by sequencing. 

The plasmld derived from plasmld pRKCD44^i Is referred to 
as pRXCD4^.Fcl. =hat derived from plasmld pRKCD42,i is r.f.rred to 
as pRKCt>42Fcl *n<i ^^^^ derived from plasmld pRKCD4i^i is referred 
to as pRXC04]^j-gX. 
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PRXCD42FC1. pRKCD4iFcl pRKCW^Pel «e culcur.d In the 

..^.e fashion « described .bov. .nd CHl-del.ted CD4 lonnunoadhe.on, 
recovered as de.crlbed el.ewhere herein. 

PUMld- were constructed to direct the expre.slon of 
proteins containing differing length, of the «nlno temln.1. 
extracellular domain of CD4 fuaed to the conatant region of human 
tn»unoglobulln The.e plaa.lda are referred to a. pRKCD^^,. and 
pRKCD4e4^ , 

Plasald pRKCI>44^ contains the portion of the CD4 gene fro. 
Che iniclatlon codon to the fusion site after the codon for .erlne 
residue 366 of the Mture CD4 polypeptide, lamedl.tely followed by 
the sequence for the constant region of human iBBvmoglobuUn 
starting at Che codon for threonine residue 109 of the .ature human 
lamunoglobulln k. (Kabat at al.) 

Plasmtd pRKCD4,4^ contains the portion of the CD4 gene from 
Che initiation codon to the fusion sice after the codon for lysine 
residue 360 of the mature CD4 polypeptide, immediately followed by 
Che sequence for the constant region of human Immunoglobulin k, 
starting at the codon for threonine residue 109 of the mature human 
Inmuno globulin k. (Kabat «t al . ) 

These plaamlds were constructed In a manner analogous to 
plasBlds pRKCD44^i and pKf.C:>U^Uyl described above, with the 
following exception: 

The human Immunoglobulin « coding sequence (Fig. 5) was 
obtained from a human spleen cDNA library (Clontech Laboratories. 
Inc.) using oligonucleotides based on the published sequence 
(Hlecer, P. A., ec al.. Cell 2i-.197-207 (1980]) and an EcoRI-isSfil 
fragment containing part of Che variable region and the entire 
constant region was obtained (see Fig. 5). This fragment was 
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blunfd with Kl.now fr*gmTC *nd che four dOTP«. Thi. frap.enc w« 
used instead of fragment «1. and was used to construct pla.ald 
pRKCD4TP/hit . 

FvT.rgsaiQn \T\ Cells 

Plasttlds were or are constructed to direct the expression 
of the tamunoadheions described above In CHO cells. These are 
referred to as pSVeCD44^ i SVDHFR . pSVeCDAj^iSVDHFR , 
pSVeCD4i^lSVDHFR. p S VeCD4.4^ i SVDHFR . pSVeCD4.27lSVDHFR . 
pSVeCD4^1^lSVDHFR. pSVeCD44PciSVDHFR. pSVeCD42FclSVDHFR , 
pSVeCD4iFclSVDHFR. pSVeCI>44^SVDHFR and pSVeCD42^SVDHni. 

Fragaent 31 was prepared as described above. Fragiwnt 32a 
was prepared by digesting plasmld pE348HBV . E400 D22 with fifflHl . 
blunting with Klenow fragment and the four dNTPs. then digesting 
with and isolating the large fragment containing the balance 

of the ^-lactamase gene and the SV40 early promoter and the DHFR 
gene. Plasmld^ pRKCI>44^i, pRKCD42-yi. pRKCD4i^i . pRKCD4^4^i. 
pRKCD4^27l . pR>^CD4^i^i . pRKCI>44Pcl • PJ^CI>^2Fcl • pRKCI>4ipcl « 
pRKCI>44^ and pRKCD42^ were separately digested with HiDdlll » 
blunted with Klenow fragment and the four dNTPs. then digested with 
EcoRI and the fragments encoding the CD4-Ig fusion protein were 
Isolated. The resulting DNA fragments were llgated together with 
fragments 31 and 32a and transformed Into E. coli strain 294. 
Colonies were selected and checked for the presence of the correct 
plasmld as above, then transfected Into CHO cells and amplified by 
methotrexate selection using conventional procedures. 



30 Culture Prirl f 1 cetlon and formilatton of CD4 vflrlflHtS 

Plasmlds encoding soluble CD4 adhesons such as CD4T . CD4TP, 
or soluble CD4 lamunoadhesons were calcium phosphate transfected 
Into CH0-DP7 (a pro Insulin -transformed autocrine host cell derived 
35 from CHO; U.S. S.N. 97,472) and the transf ormants grown In selective 
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..dlu. (1:1 HAM FU/DMEH CHT" containing 1 - 10% dlafllt.red or 
.Ulyzed bovine .erun» . Other suitable ho,t cells .r. CHO cell, or 
293S hu«n en^ryonic klto.y cell.. The tr.n.foni*nt, were 
^Ufled by methotrexate ..lection in the .«e .ediu- but 
containing 500 «. methotrexate. A subclone capable of secreting 
CD.Tr. CD.tp 500 b. was selected. CD.tp 500 b is cultured in a 
DKEM/HAH FU medium at about 37-C until CD.TP accumulates n the 
culture, after which the medium is separated from the cells and 
insoluble matter by centrlfuglng. 

Culture fluid from CD4TP transformants was concentrated and 
diafiltered to lower the ionic strength. The concentrate was 
passed through a large volume of Q-Sepharose anion exchange resin 
(previously equilibrated with 25 mM NaCl. pH 8.5) in order to 
adsorb contaminants from the culture fluid. The isoelectric point 
of CD4TP is about 9.5. thus making it possible to discriminate . 
between truncated forms of CIV. and most cont«»inant. by alternate 
adsorption, respectively, on a cation exchange resin auch as 
carboxymethyl or sulfonyl Sepharose. and an anion .xchange resin 
such as quaternary «n.onium Sepharose. In addition, since highly 
electropositive domains are present in the extracellular segment of 
CD4 any CD4- containing variant is purified in the same fashion as 
CD4TP The unadsorbed culture fluid from the anion exchange resin 
step was then passed through a cation exchange resin (previously 
equilibrated with 25 mM N.Cl at pH 8.5) whereby CD4TP was adsorbed 
CO Che resin. The CWTP was eluted with a NaCl gradient at pH 8.5. 
this CD4 variant elutlng at about 0.2 K NaCl. Ammonium sulfate was 
added to the eluate to a concentration of 1.7M and the solution 
passed through a column of hydrophobic interaction chromatography 
resin (phenyl or butyl Sepharose). The CD4TP was eluted from the 
hydrophobic interaction column with a gradient of ««nonium sulfate. 
Che CD4T? emerging at about 0.7M ammonium sulfate. The eluate was 
concentrated and buffer exchanged on a C-25 column using phosphate 
buffered saline containing .02 % (w/v) Tween 20 or Tween 80. The 
CDCT? was soluble and stable in this solution, which was sterile 
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fllcred and fiU.d Lnco vUl. an a,«eou. forn«l.clon Other 
oly-aric .onioMc surfaccanc. ... suitably used with Ce C.. 
fon.ul.cion.. including Pluronic bloc, copolyn.r. or poly.chyl.ne 

glycol. 

U is also possible to ..ploy iamunoaff inity purification 
of soluble CD4 wherein the CDA is adsorbed onto an i-nobilized 
antibody against CD4. This .ethod suffers fro. the disadvantage 
that .lution of the .olubl. CD4 under acidic condition- le.d. to 
protein aggregation that is only thoroughly «elior.ted at 
relatively higher levels of surfactant. The foregoing procedure 
permits th. us. of much lower quantities of surfactant, about from 
0.01 to 0.10 % (w/v) surfactant. 

The procedure followed for the purification of CD4 fusions 
with immunoglobulin heavy chain was to concentrate recombinant 
supernatant, by ultrafiltration and thereafter adaorb the fusion 
onto resin- immobilized Staphylococcal protein A. The fusion was 
eluted with O.Ut citrate buffer pH 3 with no salt or detergent. 
This preparation is buffered into Tris buffer at pH 7.5. The 
inn^oglobulin fusions with CDA V1-V4 optionally are further 
purified by the procedure described above for unfused CD4 vari«ts. 
CD4 immunoglobulin fusions with VI -V2 .Iso -ay be purified by 

Che procedure above, except that it is not expected that the 
isoelectric point of this class of molecules will be as alkaline as 
that of species containing all four V regions of . 

F.Ttami-le 6 

The characteristics of .everal adheson v.ri^ts were 
determined. As shown in table 4 the immunoadhesons CD^^.^,! and 
CD42.,1 show improved plasma half -life in rabbits, coupled with 
high-affinity gpl20 binding and .n affinity for Fct receptor 
(deten.lned with U937 cells) that is comparable to that of bulk 

hUZBAH IgCl. 



35 
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gpl20 KD (nM)*^ 



Fc7R KD (nM)* 



10 



15 



20 



CD4t5 

CD4271 
human IgCl 



2.3 i 0.4 
1.2 ± 0.1 

1.4 ± 0.1 
ND** 



Not detected 

2.83 ± 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 

21 dAy»* 



* determined In hxiaane 

* KD was determined by the method of Ander.on ec al . , "J. 

Inmiunol.- 121:2735-2741 (1980). 

* determined by the method of Smith at ai . . "Science- 22fi:1704.07 

(1987) . 
§ residues 1-368 only 

^ The adheson variant was injected intravenously into ^^^^^^^ 

Iai>te. of blood were collected periodically and aa.ayed for the 
presence of the adheson variant. 

Not done. 



PCrAJS88/03414 



.55. 



1 



2. 



Nucleic .cid .ncodlng .n .«lno .eld .equenc, variant of «n 
Adhftton. 

Th. nucl.lc acid of cl.l- 1 vh.r.ln tha adhe.on la a CD4 

polypeptide. 

3 The nucleic acid of claln. 2 therein Che variant I. a CD4 
polypeptide In which nucleic add encoding the tr«».-e«brane 
domain has been modified whereby the CD4 polypeptide encoded 
thereby contain* an Inactivated transmembrane domain. 

4 The nucleic acid of clala 3 wherein the tranam«»brane domain 
has been Inactivated by It. deletion or by sub.tltutlng for 
Che transmembrane domain an amino acid sequence having a 
substantially hydrophlllc hydropathy profile. 

5. The nucleic add of claim 2 wherein the variant comprise, a 
fusion of (a) a polypeptide different from the CD^ and (b) a 
CDi polypeptide. 

6. The nucleic acid of claim 5 wherein the polypeptide different 
from the CDA bears a non-CD4 immune epitope. 

7. The nucleic acid of claim 6 wherein the polypeptide different 
from CD4 Is fused to the amino or c.rboxyl termlnu. of mature 
CD4 and the transmembrane domain of CD4 has been Inactivated. 

8. The nucleic acid of claim 5 wherein the different polypeptide 
comprises a signal sequence. 

9. The nucleic acid of claim 5 wherein the different polypeptide 
contains about froit 5 to 1000 residues. 
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10 Th. nucleic add of cl*ia 9 wh««ln th. dlff.r.nt polypeptld* 
I, c*p.bl. of eliciting a hu»or*l Immune r..pon.e In an 
anloal. 

11. The nucleic acid of claim 10 wherein the different polypeptide 
li « viral polypeptide or an allergen. 



12. 



The nucleic acid of clalB 5 wherein the different polypeptide 
ts a huwn pla.«a protein having a plasm, half life greater 
than from which the transmembrane domain has been deleted. 



13, 



The nucleic acid of claim 12 wherein the variant ts a fusion 
of a polypeptide comprising at least one V-Uke domain of CD4 
fased with a polypeptide comprising an liasuno globulin constant 



The nucleU acid of cUIb 1 wherein the adheson Is CD4. CDS or 
the high Affinity IgE receptor. 



20 15. The nucleic scld of cUlm 2 wherein the vsrlsnt consists 

essentially of the through V4 or Vi through regions of 
the CI>4 antigen. 

16. The nucleic acid of claim 2 which consists essentially of the 
25 CDi insert of pCD4ANla. 

17. The nucleic acid of claio 12 wherein the different polypeptide 
li albumin, apolipoproCuin or transferrin. 

30 18. The nucleic acid of claim 8 wherein the signal sequence is a 

bacterial signal sequence. 

19. The nucleic acid of claim 15 wherein the variant consists 
eesentially of CD4 residues 1-368. 

35 
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20 



25 



30 



35 
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20. The nucUic *cU of cUi- 15 wherein the variant con.l.t. 
aesentUlly of CD4 reelduee 1-180. 

21 The nucleic acid of claim 13 wherein the i-unoglobulin 
con-tant domain 1. the conatant domain of an IgC heavy chain, 

22. The nucleic acid of claim 5 wherein the different polypeptide 
is a cytotoxic polypeptide. 

23. The nucleic acid of claim 5 wherein the cytotoxic polypeptide 
Is the diptherta toxin A. 

2u. A cocposlclon coorprl.lng an .dhe.on «.ino .eld ..qu.nce 
variant which Is Incapable of cell aembrane anchorage. 

25. The coBposlcion of clalo. 2A wherein Che adhe.on variant- 
comprises a CD4 Mlno acid sequence capable of binding gpl20. 

26. The conrposltlon of clala 25 further coBpri.lng an agent for 
inhibiting the aggregation of the variant .elected from the 
group of a predeterained protein and a surfactant. 

27. The composition of claim 26 wherein the agent is a 
surfactant. 

28. The composition of claim 27 wherein the surfactant is Tween 80 
or Tween 20. 

29. The composition of claim 25 wherein the CD4 transmembrane 
domain has been deleted or has been substituted for by an 
«ilno acid sequence having « substantially hydrophlllc 
hydropathy profile. 

30. The composition of claim 29 which Is sterile and which further 
comprises a physiologically acceptable carrier. 



rcT/vam/o^u 



-st- 



31- 



iltloa of clttla 25 



32- 



of claia 31L 



of « 



33 . Ifae eo^MldoB 




15 



35. 



Idon Off r'fl**" 33 vtexclsi 



20 



3€. 



ildflA of cIaIs 31 



Is ia 



£axB of A 



25 



37, 



3C. 



«f cittia 34 



CO 



lidon of dttia 31 sterols 
naoistlsaK of 



(c) 



ACB-!Aqi. A^L-ACfl. aCl-Vb. ^Cl-a%* «^ 



(d) ACl-A£«-IAC«. ACi-AC.. ACL-VtfCfl. I^lCl-ACb, or ^C^'^V^V. 
^'^^'l^* ACl-^^ ACL-^rf:^- ^Ct-Mfl. or ^tPL'^W^I^ : 



(o) 

(f) 



1^CL-AC«-lACfi. ACL-'iiCB. ^^0^-^^ «^ ViCj^-Vj^Ca] ; 



35 
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whtrtin A la * CD4 polypepcld* onttlnlni a CD4 vArlabla 
r*»lon-llka doMln; V^. Vh. Cl And Ch rtpratant light or haavy 
chAln var labia or con* cant doMlna of ah laaunoglobulln; n la 
4n Intagar; And V daalgnACaa tha raaldua of a covalanc croaa- 
llnklng aganc. 

39. Tha coapoiltlon of clala 38 wharaln tha and Vh domalna Ara 
capabla of binding a pradataralnad antlgan. 

40. Tha coapoaition of clala 31 wharaln tha laaunoglobulln 
aaquanca la obtalnad froa IgGl, IgG2. IgG3, IgG4, IgA. IgK, 
IgD or IgH. 

41. Tha coapoiltlon of clala 25 wharaln tha variant coaprlaaa a 
polypaptlda dlffaranc froa CD4 which la nonlaaunoganlc In 
humani . 



20 



42. Tha coapoiltlon of clala 41 wharaln tha varUnt coaprlaaa a 
polypaptlda which la laaunoganle In huoAna. 

43. Tha coapoiltlon of clala 41 wharaln tha variant coaprlaaa a 
polypaptlda having a hua^n plAaaa half Ufa which la graatar 
than about 20 houra. 



25* 44. Tha coapoiltlon of clala 41 wharaln tha variant coaprlaaa a 
huaAn tranafarrln, apollpoprotaln or albualn polypaptlda. 



30 



45. Tha coapoaltlon of clala 25 wharaln tha variant coaprlaaa a 
cytotoxic polypaptlda. 

46. Tha coapoiltlon of clala 45 wharaln tha cytotoxic polypaptlda 
li rlcln A chain or dlptharla toxin A. 



35 



47. A polypaptlda coaprlalng a CD4 aalno acid aaquanca capabla of 
binding pl20 which la croaa-llnkad to (a) polypaptlda having 
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« pIuM half life of greater than about 20 houra or (b) a 
cytotoxic polypeptide. 

48. The polypeptide of clala 47 wherein the polypeptide of (a) l« 
5 transferrin, an apollpoproteln or albuain. 

49. The polypeptide of clala 47 wherein the cytotoxic polypeptide 
Is croBi-llnked to the CD4 varlablc-llke doaaln by a 
blfunctlonal croai-llnklng agent. 

10 

50. A method for preparing an adheaon variant comprlalng 
transfectlng a host cell with the nucleic acid of clala 1. 

51. A aethod for preparing an adheaon variant coaprlalng 
15 recovering the variant from the culture of a host cell 

tranafected with the nucleic acid of clala 1. 

52. The method of clala 51 wherein the adheaon la CD4 and the 
variant Is recovered from the culture aedlua of the host cell 

20 or from the cell Itself. 

53. The method of claim 52 wherein the variant la recovered by 
adsorption onto a cation exchange realn. 

25 54. The method of claim 53 wherein the variant Is recovered by 

adsorption of contaalnants onto an anion exchange resin. 

55. The method of claim 52 %fhereln the variant lacks a functional 
transmembrane domain. 



30 



56. The method of claim 52 wherein wherein a salt Is added to the 
culture medium to occupy charged doaalns of the variant, the 
resulting solution Is contacted with a hydrophobic affinity 
chroaatography resin to adsorb the variant, and the variant 
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•luf d froa th. re.m by wwhlng th« r«.ln with • (Ucllntng 
gradient of lalc. 

57. The -chod of cl.la 52 wherein the varUnt t. recovered by 

iBBunoefflnlty chrom*togr*phy . 

58. The aethod of clala 57 vhereln the i«uno«f f inlcy 
chroMtogr.phy Is directed against a polypeptide different 
froB CD4 which la fuaed to CD4. 

59. A iMChod for the treataent of an HIV Infection co«prl.lng 
administering to a patient Infected with HIV a therapeutically 
effective doee of an amino acid eequence variant of CW. 

60. A replicable vector comprising the nucleic acid of claia 1- 
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Cell vol. 42, no. 1, August 1985, 
■ 4 J Aaddon et ai. : "The isolation and 
'nucleotide sequence of a cDNA encoding 
the T cell surface protein T4: a new 
member of the immunoglobulin gene 

^i:'fi;irr!!%sp;c?aily fragment T4B 
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?5s)"s.J. Clark et al.: "PeP^^f,. 
and nucleotide sequences J?* ^j^^ri 

(W3/25) antigen: evidence for derivation 
irom a structure with four iimunoglobulin 

i -related domains", pages 1649-1633, 

I see figure 3 

V p iwo A 88/01304 (THE TRUSTEES OF COLUMBIA 
^'^ ' DIVERSITY IN THE CITY OF NEW YORK) 
i 25 February 1988, see pages 69-75; 
examples 3-6 
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Tp • -Sf-ience vol. 238, 18 December 1987' 
' S h' smith et al.: "Blocking of HIV- 1 

see the whole article 
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